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opular Radio 


give your radio set 


more power 


with one new 
Radiotron— > | 


Drive a car uphill beyond its power—and 

the motor knocks. Drive a radio set 

beyond its power—and the last tube 
chokes. But change one single tube in 
the set—and you have the power you 
need for greater volume and finer tone. 


The new RCA power tubes add about 
fifty per cent greater efficiency to any 
radio set. They cost but $2.50, and need 
only an inexpensive adapter and a little 
extra current. Change the tube of the last 
audio stage to a new power tube, 
as any dealer will show you—and 
in ten minutes you have a new set. 


RADIOTRON RADIOTRON 
Radiotron UX-112 UX-112 UX-120 


The new storage The new dry bat- 
battery power tery power Radio- 
Radiotron UX-112 tron UX-120 may 
may be used insets be used in sets that 
£- that use Radiotron use Radiotron UV- 
i * UV-201-A 199 


I. wiotron UX-112—84.50 Radiotron UX-120—$2.50 


*." * You would not nse any but a Mazda lamp 
mm your liebting crrcnit. Why uie any but an 
RCA Kadiotron in your radio set? They are 
made by the same skilled workers, backed ty 
the same research laboratories. But the Radio- 


from is Jar more delicate t0 make 


Radiotron 
UX-120 


RADIO CORPORATION OF AMERICA 
NEW YORK CHICAGO SAN FRANCISCO 


RCA~Radiotron 


MAAE E a MAREC E OF RARLOULAS 


The Best tn Radio Equipment 


Brandes 


EXPERTS IN RADIO ACOUSTICS SINCE 1908 


TheTypeH a horn 
of graceful lines 
and antique green 
and black finish. 
Great in volume— 
true in tone. Ad- 
justable. i 


The Brandes Cabinet of 
mahogany, finished in wal- 
nut brown. The same unit, 
quality of tone and even 
ter volume than the 
ype H Speaker. 


The Adjustable 
Table-Talker. 
Gooseneck horn. 
Finished in brown 
—felt-padded base. 


The Superior Matched 


Adjustable. A most Tone Headset is now, as The Audio Transformer — 

satisfactory buy. always, ideal to tune in a plifies ee an unusually 
with —to listen undisturbed : ratio — 1to 5. Two 
and undisturbing. . 


steps of amplification may 
be used without trans- 
former distortion. 


Send for an interesting 
booklet describing 
Acoustics by Brandes. 


Brandes Products Corp. 
200 Me. Pleasant Ave. 
Newark, N.J. 


The new Brandes Speak- 
ers—perfected now after 
many busy years of ex- 
periment— give new clar- 
ified mellowness to the 
low tones, new rounded 
sweetness to the high. 

Be sure your set is in its 
best voice —always— with 
acoustics by Brandes. 


The Phonograph Attach- 
ment — a splendid speaker 
with anvgood phonograph. 
Same unit as type H horn. 
Adjustable and furnished 
with a connection to fit all 
phonograp 


Q 


O 


Copyrighted by 
Brandes Products Corp., 1926 


] All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY 


Kade! & Herbert 


The Modern Tower of Babel 


“I will lead them in paths that they have not known; I will make darkness 
light before them, and crooked things straight.” 


—ISAIAH, 42:16. 


WITH WHICH IS COMBINED “ THE WIRELESS AGE” 


VoLuME IX 


JANUARY, 1926 


NUMBER 1 


The New Wave- 


Transmission Phonograph 


ONE of the most important advances made in the science of sound is 
the creation of the new talking machine that involves the use of 
mechanical apparatus and principles developed by radio engineers. 
This article, which has been prepared exclusively for POPULAR 
Rabio, reveals for the first time the scientific details of this invention. 


By HENRY C. 


EVELOPMENT of a new mechan- 
ical phonograph by electrical en- 
gineers working in Bell Telephone 
Laboratories is a natural result of their 
recent applications of electrical theory 
to mechanical problems. 

Since the inception of the telephone, 
the development work on it has passed 
through a number of stages. In the 
pioneer days, the method was neces- 
sarily that of guess-and-trial, guided by 
good judgment and such theory as was 
then available. 

In the field of telephony these many 
experiments led to satisfactory conver- 
sation over only moderate but constantly 
increasing distances, even as great as 
between New York and Denver. During 
these years, however, the theory of elec- 
trical transmission was being developed 
gradually by various mathematical phys- 
icists. A little more than ten years ago 
it reached such a stage that the mathe- 
matical method of design replaced the 
pioneer method of trial so far as elec- 


HARRISON 


trical circuits were concerned. It then 
became possible to design telephone lines 
of any length so that they would have 
pre-computed qualities. 

In recent years these theoretical 
methods of designing electrical lines 
have been made the basis of theoretical 
methods of designing the vibrating parts 
of such mechanical systems as telephone 
receivers and transmitters. 

Still more recently, these methcds of 
design have been applied to the phono- 
graph. ` : 

It was recognition of the fact that a 
phonograph is a mechanical system fcr 
transmitting wave energy that led to 
the application of electrical wave-trans- 
mission theory to it. With this method 
of design, it has been a fairly simple 
matter to calculate just what require- 
ments each part of the phonograph must 
meet, and with these requirements 
known, it has been a matter of com- 
paratively few experiments to obtain 
nearly perfect reproduction. 
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The quality of reproduction given by 
the new phonograph, as compared with 
that of previous construction, is more 
readily demonstrated to the ear than 
described in words. Some idea of the 
improvement, however, may be formed 
from the fact that a talking machine 
that embodies this new principle repro- 
duces five and one-half octaves, whereas 
the older type reproduces about three 
octaves, and the phonograph of twenty 
years ago something of the order of one 
octave. Listening to the machine, one 
hears the low-frequency tones as well as 
the high ones. Its reproduction of these 
low frequencies gives naturalness to 
speech and music, makes 1t comfortable 
to the ear and carries over the full power 


of the rhythm. At the other end of the 
scale the machine’s reproduction of high 
frequencies gives clarity and detail. 
They move the “‘master’s voice” from a 
position hidden behind the horn right 
out into the room. They make all the 
instruments in an orchestra stand out 
individually, each with its own peculiar 
quality of tone. 

On the new phonograph, not only is 
the full range of frequencies reproduced | 
but it is reproduced without perceptible 
peaks or valleys; that is, without the 
regions of exaggerated loudness or weak- 
ness in different parts of the frequency 
range. An example of a peak is what 
one hears when one speaks with his head 
in a barrel; an example of a valley is 


The Newly Discovered Facts About Sound 


The fundamental thing about radio is the han- 
dling of wave energy, of vibrations. Two kinds 
of waves are involved. From the loudspeakers 
and telephones come the mechanical waves of 


sound. 


In the electrical parts of radio instru- 


ments, as well as in the ether, the waves are elec- 


tromagnetic ones. 
the same. 


Many of the principles are 
In this article Mr. Harrison describes 


the application of wave-energy principles to the 
acoustic problem of designing a high-quality 
phenograph. This involves “mechanical imped- 


ance,” T 


mechanical transformers,” other novel 


concepts which will interest every radio engi- 
neer. The research constitutes, POPULAR RADIO 
believes, one of the greatest recent advances in 
the science of sound. Facts uncovered by the 
telephone engineers were put at the disposal of 
the talking machine interests, whose researches 
have put them in position where the new tech- 
nique could be appreciated and applied. Thus 
radio, often accused of having damaged the 
phonograph industry, actually contributes one 
of the greatest advances which that industry has 
ever made. 
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From a photograph made for PopuLar Rapio by the Bell Laboratories 
THE INVENTOR OF THE APPARATUS 
Mr. Henry C. Harrison with the acoustic system of the new orthophontc talking machine. 
Note how the internal partitions fold the horn so that a greater length can be contained tn the 
case of the instrument. 
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THIS CIRCUIT IS THE ELECTRICAL ANALOGUE OF THE | 


NEW ACOUSTIC SYSTEM 


FIGURE 1: The alternator represents the input from the record; L, is the mass of the needle 

arm; Li that of the spider, and L, that of the diaphragm. T is a transformer corresponding 

to the needle-arm leverage: Cy the elasticity of the needlepoint, C, that of the needle arm, C: that 
of the spider arms, C, that of the diaphragm edge and C, that of the air chamber. 


6 POPULAR RADIO 


THE CONSTRUCTION OF THE SOUND 


FIGURE 2: 
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what one hears in the voice of a person 
with a bad cold. 

In scientific language, these changes in 
quality are expressed as changes in the 
distribution of sound intensity with fre- 
quency. From this viewpoint, speech 
and music are made up of simple flute- 
like tones of various pitches and various 
intensities. For example, the different 
vowels of speech are distinguished from 
each other, not by their fundamental 
frequency, but solely by the distribution 
of intensity among their overtones. Be- 
cause elements of speech have this 
character, one may speak into a barrel 
of just the right size and find that when 
he speaks one vowel a different one is 
heard. A phonograph with the same 
peak will make the same change. 

Similarly, a phonograph with ‘“‘val- 
leys” which rob the reproduction of the 
frequency range belonging to the re- 
sonant cavities of the head which are 
choked up during a cold makes a singer 
or speaker sound as though he had a bad 
cold. The phonographs of twenty years 
ago abounded in these peaks and 
valleys. The new phonograph is prac- 
tically free from these defects. 


OEE 


SIZDE 


REPRODUCER 


A section of the sound reproducer, showing the 

needle and needle-arm, the spider, and the aluminum-alloy 

diaphragm, the latter being indicated by the bent line. 
tube at the right is the inner end of the horn. 


The 


The theory used in designing the new 
phonograph follows very closely the 
theory for electrical transmission. In 
electrical systems, the energy is in elec- 
trical form. In mechanical systems, 
like the phonograph, the energy is in 
mechanical form. Mathematical phys- 
icists have shown that wave-energy 
formulas worked out in one field apply 
to the other field with simply a change 
in nomenclature. The corresponding 
terms in the two fields are as follows: 


Mechanical Electrical 
Displacement (total 
movement) Charge 


Velocity of displacement Current 

Force Potential (voltage) 
Mass Inductance 

Elasticity Reciprocal of capacity 
Mechanical resistance 


(frictional loss) Resistance 


In designing high quality wave trans- 
mission systems, either electrical or 
mechanical, the important matter is 
matching impedance throughout the 
system. 

This means that each part of the sys- 
tem then offers to the wave energy a 
path of equal ease of flow, so that its 
flow through the svstem proceeds without 
any reflection. Thus there are no res- 
onance peaks. Even structures which 
are apparently so different as needle 
arms, diaphragms and horns can be 
substantially matched in mechanical im- 
pedance to the wave energy. 

In addition to preventing internal re- 
flection and consequent peaks, matching 
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impedance gives a phonograph a sub- 
stantially uniform mechanical resistance. 
Hence the power taken from the record 
groove is proportional to the transverse 
velocity of the groove squared. And 
since this full energy is transmitted out 
into the air, the result is faithful repro- 
duction. The older phonographs are 
not matched in impedance. They neither 
take correct amounts of power from the 
record nor transmit this power to the 
air without reflection and resonance 
peaks. In addition to giving faithful 
reproduction, the matching of impedance 
reduces the wear on the records because 
the resonance points, with associated 
high pressure of the needle point against 
the record groove, are eliminated. 

As the first step in designing a matched 
impedance phonograph, the diagram of 
mechanical imp:dances is needed. 


MEASURING THE ELASTICITY OF THE NEEDLE-ARM 


Figures 1 and 2 are sketches of an 
acoustic phonograph and of its mechan- 
ical impedance diagram. 

In Figure 1, the same symbols are 
used for mass, elasticity, and mechanical 
resistance as are commonly used in elec- 
trical impedance diagrams for induc- 
tance, capacity, and electrical resistance.* 
These quantities are corresponding ones 
as respects the storage or dissipation of 
energy; hence they have corresponding 
effects on the transmission of wave 
energy. The system is shown with its 
shunt branches working into substan- 
tially free space. Actually, the branches 
work into air, but because of their 
small size compared with the wave- 


* In this diagram certain second-order effects are 
omitted for the sake of clearness. The complete diagram 


and a full description of the technical features will 
appear in a paper to be 
onvention of the 
Engineers. 


presented at the Midwinter 
American Institute of Electrical 


4 


Mr. Arthur Bates is making one of the fundamental measurements upon which the phono- 


crioh design depends. 


In mechanical wave systems elasticity ts the equivalent of tke re- 


ciprocal of capacity in electrica! systems. 


3 and o ETEA. er r 
PIONEERS IN THE APPLICATION OF MATHEMATICS TO THE PHONOGRAPH 


Mr. Harrison (at the left) is holding the sound reproducer which he is explaining to Mr. 
Joseph P. Maxfield, who developed the electrical methods by which high quality records are 


made for use with the new machine. 


lengths in air of speech frequencies, the 
air acts like free space. Ina mechanical 
system free space is analogous to an in- 
finite capacjty, or ‘‘ground,” in an elec- 
trical system. 

The shunt branches of the line are 
ones through which vibration velocity, 
that is, the mechanical current, flows 
from the main line to space. The series 
clements in the line are ones through 
which all of the line mechanical current 
must pass. The symbol used for a 
mechanical transformer is the one usu- 
ally used in electrical circuits and indi- 
cates merely a change in displacement 
velocities at this point. 

The term ‘‘mechanical current” is 
used as meaning the root mean square 
of vibration velocity in centimeters per 
second. The term ‘‘alternating force” is 
used as meaning the root mean square of 
forces, in dynes, tending to set up or vary 
mechanical currents. By the ‘mass of 
a part” is meant the mass in grams 
which, located at the point at which the 
part ties into the mechanical line, would 
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me 


_ 


In the foreground lies one of the aluminum-alloy dia- 
phragms. 


have the same kinetic energy as the part. 
Similarly, by the “elasticity” of a part 
is meant the elasticity in dynes per 
centimeter which, located at the point 
of attachment, would store the same 
potential energy as the part. 

It is evident from these diagrams that 
the first three sections of this network 
constitute a transmission system of the 
low-pass filter type and hence will have 
a high frequency cut-off. The series 
elasticity, due to the diaphragm edge, 
does not belong in a low-pass filter and 
interferes with the transmission of the 
lower voice frequencies unlcss very small. 

The principles and formulas that 
govern transmission networks such as 
this one are worked out for analogous 
electrical lines by J. A. Fleming, A. E. 
Kennelly, and George A. Campbell. 
Building upon the foundation these 
scientists have laid, the telephone en- 
gineers were able to treat the design of 
an acoustic phonograph as an engineering 
problem. Certain results were desired, 
certain limitations had to be met as to 
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materials and dimensions, and certain. 


other factors might be varied practically 
at will. Calculations were made for the 
various parts, and these were checked by 
measurements of the characteristics of 
the parts as vibrating elements. Here 
an entirely new technique was developed, 
as for instance the direct measurement 


of mechanical impedances over a range 
of frequencies. 

Thus it was possible for the mechanical 
impedances of the different parts of the 
system to be carefully matched, just as 
should be done to the electrical wave- 
energy circuits used in telephony or in 
the parts of radio apparatus. 


Machine Co. 


THE COMPLETED MACHINE 


In the small diagram at the right is shown the arrangement 
of the gradually widening passages through which the sound 
waves travel. Note the great length (70 inches) of the new 
horn, as compared with the older and more familiar types. 
Above, Reinald Werrenrath, the grand opera singer, is seen 
listening to a record of his own voice on one of the first machines . 


to be completed. 


From a photograph made for PopuLar Rapio by Victor Talking 


complete, detailed specifications for building one of the latest and 


q In Poputar Rapio for next month—February—will appear the 


most efficient sets that have been developed—the Orthophase Receiver. 


HOW TO GET THE MOST 


By S. GORDON TAYLOR and L. M. COCKADAY 


O great has been the interest shown 
on the part of readers of PoPULAR 
Rapio, and so keen has been the com- 
petition among radio fans and experi- 
menters to be one of the first to build one 
of the new LC-26 receivers and to get 
it in operation, that this article—which 
takes the place of the “How to Get the 
Most Out of Your Ready-made Receiver” 
article that would ordinarily appear in 
this issue—follows by popular demand. 


10 


To test the capacities of this receiver 
the authors have taken it to a number of 
cities in the East and experimented with 
actual receiving conditions for the pur- 
pose of telling experimenters who have 
built this set exactly what to do when 
they install and operate it. 

First of all, let us start with a general 
description of the receiver. 

It uses a simple antenna circuit that is 
easily resonated over the whole band of 


OUT OF YOUR LC-26 SET 


~ 
W 


~ //0 Vat AC LIGHT SOCKET 


CHECK UP YOUR INSTALLATION WITH THIS DIAGRAM 


FıGURE 1: Pictured here are shown the rear view of the LC-26 Receiver, the cone loud- 

Pn the filter unit, the three large ‘‘B” batteries, the small “B” battery, the charger, 

the charging switch and the storage battery. The connections between these units are shown 

in heavy lines to the exact binding posts and terminals that they should run to including the 

antenna and ground connections. If you use this simple diagram when installing your set 
you will find that it will give you perfect satisfaction. 
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broadcast wavelengths. This circuit is 
similar to that used in the old variometer- 
tuned sets. What was a disadvantage in 
the old sets is, however, a great advantage 
in this receiver. The tuning of this par- 
ticular circuit is extremely broad. This 
leaves the sharply-tuned trap circuit, 
which is the input to the detector, to do 
the actual sharp selecting that is neces- 
sary to tune out local stations and bring 
in the distant ones. Therefore, the re- 
ceiver may be considered as essentially 
a single-control device (in the case of 
local reception) as the input tuning accom- 
plished by the variometer has very little 
effect. It may be used as a sort of vol- 
ume control. For distance, however, it 
helps considerably. The receiver cannot 
radiate on account of the use of the stage 
of non-oscillating radio-frequency am- 
plification used ahead of the detector. 
Both circuits are controlled by the stabil- 
izer (or intermediate circuit) which is 
coupled closely to the plate circuit of the 


radio-frequency tube and coupled looser 
to the detector circuit, thus allowing re- 
generation in the detector but preventing 
oscillation in the radio-frequency stage. 
This is a much more simple method than 
the usual compensating condenser or neu- 
tralizing scheme, as it is almost impos- 
sible to properly neutralize a single stage 
radio-frequency amplifier throughout the 
whole wavelength band when used with 
a regenerative detector. 

The audio-frequency amplification has 
been the subject of much experiment and 
has been chosen for its straight-line-fre- 
quency amplification and particularly at 
the low frequencies, so that the drum and 
bass viol tones are brought out with 
startling clarity. 

If the receiver is installed and operated 
as described in this article it will bring to 
the experimental listeners a new thrill 
from broadcasting that comes from recep- 
tion of this broadcasting as it is really 
being transmitted. 
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AN EXCELLENT ANTENNA ARRANGEMENT 
FIGURE 2: The design of the antenna is necessarily governed, in most cases, by the roof or 


yard space available. 


However, many of the ideas suggested by this illustration may be 
used to advantage in any antenna installation. 


The best length for the antenna will depend 


in each case on the interference conditions. 
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TOA BATTERY CONNECTIONS 
OF RECEIVER 


HOUSE CURRENT SUPPLY-DIRECT CURRENT 


+ 


JOOWATT TUNGSTEN LAMPS, OR 
3CCANOLE FOWER CARBON LAMPS 


CONNECTIONS FOR CHARGING “A” BATTERY FROM DC HOUSE SUPPLY 


FIGURE 3: 
If it is alternating current, a regular A 


The type of battery charger used depends on the kind of house supply current. 
C charger ts used. If the 
current, however, a simple arrangement of electric lamps is used as s 


y ts direct 


e su 
A If pre- 


ferred a DC battery charging resistance may be used instead of the lamps. 


The Theory of Operation 


The antenna circuit of the LC-26 receiver is 
tuned to resonance with the incoming signal 
from a broadcasting station by means of the 
variometer A. (See diagram, pages 496-7 of 
the December issue of PorpuLar Rapio.) The 
fixed condenser G simply serves to adapt the 
receiver to the size of antenna used. This 
method of tuning the antenna circuit is prob- 
ably the most efficient known because of the 
preponderance of inductance obtained in the cir- 
cuit in this way. 

It will be noted that the variometer is also in 
the grid or input circuit of the radio-frequency 
amplifier tube." Thus the variometer serves not 
only to tune the antenna but only as an auto- 
transformer to transfer the antenna energy to 
the radio-frequency amplifier, the voltage drop 
across the variometer being impressed across 
the grid-filament circuit of the tube. 

For a small amount of energy impressed upon 
the grid of a vacuum tube a comparatively large 
amount of energy may be made to flow in the 
plate circuit of the tube, due to the amplifying 
action of the tube. This additional energy is not 
generated in the tube itself but is drawn from 
the high-voltage “B” battery which is connected 
in the plate circuit of the tube. In other words, 
the energy in the output circuit of the tube is 
drawn from the “RB” battery but the amount 
drawn is regulated bv the throttle action of the 
grid circuit of the tube. 

The energy in the plate circuit of the radio- 
frequency amplifier tube Q1 flows through the 


coil B which is in series with the plate and 
“B” battery. Coil C is closely coupled to this 
coil B, so closely that it absorbs much of the 
energy from the plate circuit of the first tube, 
thus preventing oscillation in the radio-fre- 
quency amplifier. Coil C with its tuning con- 
denser E therefore serves as an absorption cir- 
cuit or stabilizer. The fact that the first tube 
cannot oscillate prevents the receiver from 
radiating energy into the antenna system, a 
condition which would cause annoyance to 
neighboring receivers. 

The energy absorbed by the stabilizer circuit 
is not lost, however, as this circuit is in series 
with the coil D and its tuning condenser F. 
Both of these coils are in the grid circuit of the 
detector tube Q2; therefore the energy absorbed 
from coil B is usefully transferred to the input 
of the second tube. In this circuit there is 
again a preponderance of inductance, consisting 
of the inductance of coil C plus that of coil B. 
The use of so much inductance is made possible 
by the fact that the two tuning condensers E 
and F are connected in series; therefore their 
total capacity is only half that of either one 
alone. Inasmuch as the frequency or wave- 
length of the circuit is governed by the product 
of the capacity and inductance, it naturally fol- 
lows that the use of such small capacity calls 
for the use of large inductance. The stabilizer 
is tuned to a lower wavelength than the total 
grid circuit. This use of a double condenser is 
not therefore the same as that of tuning two 
stages of radio simultaneously. In this case 
it is a regeneration control. The energy input 
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to the detector tube is not only amplified by this 
tube, but it is rectified. Up to this point in the 
circuit all the energy has been in the form of 
alternating current of high frequency. The 
output of the detector tube, however, consists 
of pulsating direct current which really amounts 
to direct current with an alternating current 
component. Both kinds of current are there- 
fore present in the plate circuit of this tube. 


The audio-frequency component of this en- 
ergy is lead through the primary of the audio- 
frequency amplifying transformer J, but the 
radio-frequency current passes with difhculty 
through the high inductance such as that of 
this primary winding. Moreover, this radio- 
frequency component serves no useful purpose 
in the audio-frequency amplifier. It could be 
used to advantage, however, if fed back to the 
input side of the detector tube because then it 
would be amplified again by the ampliner action 
of the tube. This is exactly what 1s done. A 
wire is connected from the plate of the de- 
tector tube back to the coil C in the detector 
input circuit. This produces the regenerative 
action and results in the detector tube practi- 
cally serving the purpose of two tubes, one use 
being a radio-frequency amplifier and the other 
use a detector. 

Regeneration can only be obtained up to cer- 
tain limits, of course. Carried beyond certain 
limits, the detector tube would break into oscil- 
lation, thus distorting the signals. In most re- 
generative receivers this is the practical limit 
to which regeneration may be carried. In the 
LC-26 receiver, however, it can be carried far 
beyond this point because oscillation will stop 
when the radio-frequency circuit is tuned to 
resonance with the input circuit to the detector 
tube, as is the case when both circuits are tuned 
to a broadcasting station’s wavelength, and sig- 
nals will be heard clearly and undistorted. 

This explains why this receiver with its five 
tubes gives the results of a six-tube receiver, 
without any of the trouble usually encountered 
in neutralizing such a receiver. 


For ordinary reception it is not necessary to 
have the detector oscillating. For long distance 
work, however, an oscillating condition of the 
detector tube makes the tuning of the receiver 
extremely simple, because it is merely neces- 
sary to turn the large tuning dial until a carrier 
wave whistle is heard, then adjust the vario- 
meter knob until, when it reaches resonance 
with the detector circuit, oscillation will sud- 
denly stop and the distant station will be heard. 
The amount of regenerative action desired can 
be obtained by adjustment of the detector rheo- 
stat, P. The pulsating direct-current output of 
the detector is audible if a pair of headphones 
is connected in the circuit. From this point on 
in the circuit another type of amplification is 
used. The purpose of the radio-frequency am- 
plifier was to build up the alternating current 
(radio-frequency) energy, thus increasing the 
sensitivity of the receiver. The purpose of 
the audio-frequency amplification used after the 
detector is to build up volume so as to make 
possible the use of a loudspeaker. 


The energy flowing through the primary of 
the audio transformer J sets up a corresponding 


flow in the secondary winding of this trans- 
former by the process of electromagnetic induc- 
tion. The use of inductive coupling, as fur- 
nished by the transformer, is necessary here to 
isolate the grid of the audio-amplifier tube from 
the high voltage of the “B” battery in the de- 
tector plate circuit. By means of the secondary 
winding the energy is impressed on the grid of 
the tube Q3 and the amplified energy is taken 
out at the plate of this tube. The use of one 
stage of transformer-coupled, audio-frequency 
amplification produces high amplification 
(through the voltage step-up action of the 
transformer) of excellent quality. 

The LC-26 receiver makes use of resistance 
coupling in the second and third audio-frequency 
amplifier stages. This type of coupling does net 
produce such great amplification per stage, but 
the reproduction is flawless over the whole 
range of audible frequencies. In addition to 
this, the current consumption from the “B” bat- 
teries is much lower with resistance-coupled 
amplification than with “unbiased” transformer- 
coupled amplitication. 

There is no particular point in providing 
variable adjustment of filament heating voltage 
for any of the tubes except the detector. For 
this reason the automatic filament control re- 
sistances Ol O2, O3 and O4 are used with the 
other tubes, and a rheostat is provided on the 
panel only for control of detector filament cur- 
rent. 

The Antenna and the Ground 


The antenna requirements of the LC-26 re- 
ceiver are not at all critical and for that reason 
Satisfactory results may be obtains] with the 
use of almost any kind of a wire strung up 
wherever it is convenient. 

As an example of just how great the sensi- 
tivity of this set is, plenty of volume is obtained 
from all the New York City and nearby sta- 
tions when operating the receiver in the suburbs 
of the city approximately twelve miles frum the 
nearest station, without using any antenna at 
all, by simply connecting the ground lead to the 
antenna binding post on the receiver, with 
the ground binding post left disconnected. 

It is, however, in general use advisable to 
employ some sort of an antenna. As a matter 
of fact, where an outdoor and also an indoor 
antenna can conveniently be erected, it is worth- 
while to put up both. This is suggested be- 
cause during the summertime, when the static 
is troublesome, the indoor antenna can be used, 
thus eliminating much of this form of inter- 
ference. During the cooler months when there 
is better reception weather, the outdoor an- 
tenna may be used. (Incidentally, this sug- 
gestion applies not only to this receiver but to 
all receivers which are sufficiently sensitive to 
operate satisfactorily on an indoor antenna.) 

The outdoor antenna has the advantage of 
greater “pick-up” and is there.ore to be pre- 
ferred when it is desired to tune in distant sta- 
tions. An outdoor antenna consisting of a 
single copper wire somewhere between 60 and 
100 feet, is amply large for this receiver. Little 
is to be gained by making the antenna longer 
than 100 feet, but it 1s not advisable to have 
it less than 60 feet or thereabouts because of 
the decreased “pick-up.” These lengths include 
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A Tuning Chart to Adjust to Your Own Set 


WAVELENGTH | DIAL SETTING 
METERS 


PASTE WAVELENGTH CHART IN THIS SPACE 


5 
/0 
60 


FIGURE 4: 


Cut out the chart at 
the left and paste it on 
a piece of thin stiff 
while bristol paper. 
Then cut out the small 
chart at the right. 
It should be pasted in 
position on the blank 
space on the left-hand 
side of the main chart 
underneath the head- 
ing “wavelength” as 
shown in the Decem- 
ber issue on page 504. 
To get it in exactly 
the right position tune 
in a Station of around 
350 to 400 meters and 
find out what setting 
1t comes in on on your 
dial. For instance, a 
statton on 405 meters 
would come in some- 
where near 46, 47 or 
48 on your dial ac- 
cording to the varia- 
tion of the condenser 
in the set. If it comes 
in at 47, say, paste the 
wavelength part of the 
chart in place so that 
405 meters on the 
wavelength scale is 
exactly opposite 47 on 
the dial setting scale. 
Then all the other 
Stations will tune in 
exactly as indicated by 
the completed chart. 
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the entire length of the wire, from the antenna 
binding post on the receiver to the end most 
distant from the receiver. 

It is impossible to give exact instructions for 
erecting an outdoor antenna because practically 


every installation has its own peculiar condi- - 


tions and requirements. However, in Figure 2 
is illustrated an ideal antenna. Some of the 
ideas suggested in this illustration may be used 
in all installations. The matter of insulation 
of the antenna and “lead in,” for instance, may 
be used in almost every case. Some general 
suggestions for this may be offered: For in- 
stance, it is not advisable to have the antenna 
wire close to trees or buildings, but especially 
trees. A distance of ten feet should be the 
minimum spacing from the latter obstacles. 
If necessary to use a tree to support the further 
end of the wire, be sure that the insulator is 
placed at least ten feet from the foliage. In 
such a case precautions must be taken to prevent 
the wire from being broken by the swaying of 
the tree in the wind. This is most easily accom- 
plished by running the wire through a pulley 
fastened to the tree and suspending a weight on 
the free end of the wire, making ample allow- 
ance for the free play of the wire. 

The kind of wire used is not particularly im- 
portant so long as the wire is copper. It may 
be plain wire not smaller than No. 14. Or it 
may be the regular seven-strand aerial wire. 
. Make the antenna proper and the lead-in all 
one piece if this is possible. If this cannot be 
done solder the joint where they come together, 
thus insuring a good electrical connection. 

The height of the antenna is important only 
up to a certain point. It is, of course, well to 
make it as high as conditions will permit. Put 
it as high as you can, but try to get it higher 
than surrounding objects if that is possible. 
If the antenna is erected on the roof of an 
apartment house which is already occupied by 
a number of other antennas, try to put it above 
and at a right angle to the others and see that 
it is clear of the pent houses and vent pipes. 
If it is necessary to erect poles on the roof, 
don’t be satistied to tie the poles to vent pipes; 
drill a hole part way through a heavy wood 
block, set the block on the roof (it need not be 
fastened down), erect the pole with its base 
resting in the hole in the block and then guy the 
pole with at least three wires. The other ends 
of the guy wires may be secured to bolts in the 
walls, or to the bases of other vent pipes. Gal- 


Hours of use daily 
Large size batteries 


Heavy duty batteries 


166 days 
297 days 


vanized iron guy wire of about No. 12 size is 
good for this use because of its strength. 

A good ground connection 1s also important. 
If the house is provided with a cold ‘vater sup- 
ply, the ground wire may be fastened to the 
water pipe nearest the receiver by means of a 
ground clamp. Hot water pipes will also serve 
in a pinch, but do not ground the receiver to 
a gas pipe: this is against the rules of both the 
gas companies and of the Board of Fire Under- 
writers, and in addition is usually a poor ground 
because of the insulating gaskets frequently in- 
stalled in the pipe line where it enters the 
house. 


The Batteries 


A 6-volt storage “A” battery is required for 
lighting the filaments of the vacuum tubes and 
for the high voltage plate supply a set of “B” 
batteries of 15714 volts is used. 

The “A” battery should be one of not less- 
than 100-ampere-hour capacity and should, of 
course, be one designed for radio use. When 
the receiver is in operation the current drain on 
this battery is approximately 21⁄4 amperes-per- 
hour and a fully charged 100-ampere-hour bat- 
tery will operate the receiver for about forty 
hours without recharging. Batteries with 
greater capacity will, of course, operate the 
receiver a longer time on a single charge. 

A hydrometer should be used to measure the 
state of charge of the battery. This instru- 
ment measures the specific gravity of the elec- 
trolyte in the battery and is equipped with a 
scale which reads from 1,150 for a discharged 
battery to 1,300 when the battery is fully 
charged. The battery should never be allowed 
to run down to such an extent that the reading 
falls below 1,185. Many make a practice of re- 
charging the battery when the reading falls to 
1,200, and this is a good practice. 

The “B” battery consumption of the LC-26 
receiver is lower than that of most tive-tube re- 
ceivers, in spite of the fact that the voltage used 
is somewhat higher than usual. In ordinary 
use the dry-cell type of “B” batteries is there- 
fore entirely practicable. Using the full voltage 
specihed above and with the receiver operating 
an average of two hours a day, a set of the or- 
dinary large size “B” batteries will have a life 
of between five and six months. 

Using the “heavy duty” type of batteries the 
life will be increased to approximately ten 
months under the same conditions. The life 


3 4 
105 days 72 days 
190 days 134 days 


THE LIFE OF THE BATTERIES 


This table shows the approximate life of a set of “B” batteries with the LC-26 

receiver. It will be noted that the “heavy duty” type of battcrics give almost double 

the service of the usual “large” (five pound) type, although the cost of them ts only 

about 50 percent greater. The above figures are based on the use of the total voltage 

specified (namely, 15714 volts), but takes into consideration the normal drop in 

voltage as the batteries wear down. When the batteries drop from 45 volts each to 
34 volts they are worn out and should be replaced. 
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THE LC-26 INSTALLED WITH THE RAYTHEON PLATE-SUPPLY UNIT 


FIGURE 5: 


This picture shows the receiver working without ‘‘B”’ batteries. 


The Raytheon 


unit as described in the November issue of POPULAR Ranio may be seen on the shelf of the 
table with the cone loudspeaker at the right. 


of these two types of batteries under various 
conditions are shown in the table on page 16 
The use of the “heavy duty” type of batteries 
is recommended where dry-cell batteries are 
used because their increased life is greater than 
their increase in cost over the usual “large” 
size batteries; they are therefore cheaper in 
the end. : 

If the receiver is to be used on an average 
of more than two hours a day the use of stor- 
age “B” batteries is recommended. The first 
cost of such battery equipment is considerably 
higher than that of dry cells, of course, but the 
first cost is about the only cost for perhaps sev- 
eral years, as the cost of recharging the bat- 
teries is so small as to be insignificant. 

In place of “B” batteries the Raytheon Plate 
Supply Unit (described in the November issue) 
may be used with results equal to those obtained 
with either the dry-cell or storage “B” batteries. 
This unit has several advantages. There is 
nothing to wear out and require replacement, 
as in the case of dry-cell “B” batteries, and 
recharging is not required as in the case of 
storage “B” batteries. In addition, this unit 
takes up less room than do batteries of either 
type and the first cost is no greater than that 
of the storage type of “B” batteries. 

In using the Raytheon unit with this receiver, 
the total output voltage of the unit is applied 


to both the radio and audio-frequency amplifier 
tubes of the receiver. The connections are 
shown in Figure 1. Using such high voltage 
on the radio-frequency amplifier tubes would 
not prove satisfactory with most receivers be- 
cause of the tendency of this portion of the cir- 
cuit to oscillate. In the case of the LC-26 re- 
ceiver, however, the radio-frequency stage will 
not oscillate, regardless of the voltage applied. 
The detector “B” + post on the receiver is con- 
nected to the post on the Raytheon Unit bearing 
the same designation. The knob of the variable 
resistance in the Raytheon Unit is then adjusted 
to a position where signal strength is greatest. 
This will provide the detector tube with the 
proper plate voltage. The position of the knob 
will be almost all the way out. 

An “A” battery charger to operate from the 
electric house lighting line will be needed unless 
the owner wishes to go to the trouble of taking 
his storage battery to a service station to be 
charged. Scme manufacturers are placing units 
on the market which consist of a storage “A” 
battery and charger combined to operate from 
the alternating current house line and which 
operate automatically so that no attention is 
required other than the occasional addition of 
distilled water to make up for evaporation. 
There are also several types of alternating cur- 
rent chargers on the market. When the charger 
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and battery are separate, a five-ampere charger 
is recommended, and the particular type selected 
will depend on the purchaser's judgment. The 
three main considerations in the case of a 
charger to operate on AC are constancy of 
operation, noiselessness and necessity for re- 
placement of parts. The first two points may 
be determined by requesting a demonstration 
before purchasing. In general the type of 
chargers using a rectifier tube are to be pre- 
ferred as they require no adjustment, are fool- 
proof and most nearly noiseless. 

When storage “B” batteries are used, some 
means must be provided for charging them. 

“A” battery chargers may be obtained which 
will also charge the “B” batteries, or attach- 
ments may be purchased to use in conjunction 
with “A” battery chargers when it is desired 
to charge the “B” batteries. Then, of course, 
separate “B” battery chargers are on the mar- 
ket and at comparatively low cost. 

In Figure 1 will be found a convenient 
method for connecting up the “A” battery 
charger in such a way that it is only necessary 
to throw the switches to put the battery on 
charge. 

When the house-lighting supply is direct cur- 
rent, only a charging resistance is needed. This 
may be a bank of five 100-watt lamps connected 
in parallel as shown in Figure 3. 


The Tubes to Use 


The UV-200 or C-300 tube has been found 
best for the detector tube in this receiver. The 
extreme sensitiveness of this receiver is due 
largely to the employment of regeneration in 
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AN ALL-NIGHT SESSION IN CALIBRATING THE RECEIVER 


FIGURE 6: 
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the detector circuit and this circuit has been de- 
signed with the UV-200 type of tube in mind. 
Other tubes will not provide the same sensi- 
tiveness, nor as good tone quality. 

For the radio-frequency amplifier a UV-201-a 
type of tube is used, as also in the first and 
second stages of audio- frequency amplification. 
That is, the first, third and fourth sockets from 
the left-hand end of the receiver, the detector 
socket being the second. 

In the last socket, which is in the third stage 
of audio-frequency amplification a power tube 
is used because the usual types of tubes such 
as the UV-20!-a cannot handle the great vol- 
ume in this stage. The set is designed to use 
a Radio Corporation UX-112 power tube in the 
last stage with a No. 112 amperite to control 
the filament current. A UV-20l-a tube can 
be used but will not produce the maximum in 
tone quality or volume but if it is used an am- 
perite cartridge of suitable resistance must be 
used with it. Builders of this receiver who 
happen to have a Western Electric VT-2 or 
216-A tube on hand can use it in this last stage. 
In that case a No. 1 amperite should be used. 

The use of UV-199, WD-12 or any other ot 
the dry cell tubes in this circuit is not advised. 


The Operation of the Receiver 


The connections to antenna, ground and bat- 
teries are clearly shown in Figure 1. 

Before making these connections, place the 
five vacuum tubes in their respective sockets. 
Starting with the first socket at the left, the 
tubes to be used are: UV-20l-a, UV-200, UV- 
201-a, UV-201l-a and UX-112. Now connect the 
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The authors are here shown obtaining the data on an LC-26 installation at 


Mr. Taylor’s home laboratory, for the purpose of making up the tuning chart shown in 
Figure 4. 
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From a photograph made for POPOL AR . RADIO 


AN LC-26 INSTALLATION 
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WITH DRY CELL 


BATTERIES AND A 
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STORAGE “A” BATTERY 


FIGURE 7: 


An ideal installation of the receiver, with the batteries placed in a radio cabinet. 


The wire shown running from the upper right-hand corner of the set along up the wall is an 
extension cord to the cone loudspeaker which is placed on the other side of the room. 


“A” battery with its negative side to binding 
poki No. 3 and its positive side to binding post 
No. 4. To be sure that the filament circuits 
are all intact, turn the battery switch on the 
front of the receiver to the “on” position. All 
but the second tube should light up. Next 
turn the small right-hand knob half way on, in 
a clockwise direcion. This should light the de- 
tector-tube filament. 

If all of the tubes light up properly, remove 
all but the first and connect the “B” batteries 
as shown in Figure 1. The four tubes should 
be removed first to avoid the possibility of burn- 
ing them out in case anything goes wrong in 
the wiring which might permit the “B” battery 
voltage to be applied to the filaments. In such 
a case the single tube left in the set would light 
up very bright. If everything is right up to 
this point, connect the antenna and ground to 
the receiver, replace the other four tubes, and 
insert the loudspeaker plug in the jack S 

Signals from a broadcasting station can now 
be tuned in. The tuning dial should be set 
ior the station desired, the proper setting being 
obtained from the tuning chart in Figure 4. 


Next rotate the small left-hand knob until the 
station is heard with maximum volume. The 
switch R1 should be turned to the left for an 
outdoor antenna and to the right for the in- 
door antenna. As explained before, the pur- 
pose of this switch is to adapt the antenna cir- 
cuit constants to the. antenna in use. 

Now that a station is tuned in, try different 
settings of the detector rheostat (the small 
right-hand knob on the panel front). One point 
will be found at which signals have the de- 
sired strength and clarity. This is the proper 
setting. The point of maximum reception, how- 
ever, will not be the same on nearby stations, 
as on distant stations, the latter requiring that 
the rheostat knob be turned further in a clock- 
wise direction. Do not tune in stations with 
more volume than is enjoyable. 

After tuning in several local stations, and 
becoming somewhat familiar with the opera- 
tion of the receiver, try a more distant station. 
Set the large dial for the station you wish to 
tune in, then słowly rotate the left-hand knob 
until the station is picked up. When the station 
is heard, adjust the tuning dial and the two 
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A REVISED DIAGRAM OF THE SHUNT-PLATE FEED UNIT 


FIGURE 8: This is used to keep the direct current of the plate supply out of the loudspeaker, 
allowing only the alternating current of audible frequencies to pass through the loudspeaker. 
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small knobs until suitable volume is obtained. 
Now the proper adjustment for the grid-leak 
l may be made. 


With the distant signals tuned in rotate the 
knob of I until the signals are at the maximum. 
It is best to move this knob a little at a time, 
and to remove your hand from the receiver 
while the effect of the change 1s being noted, 
otherwise the presence of the hand on the grid- 
leak may have a slight detuning effect. The 
proper setting of the grid-leak will usually be 
iound to be with the knob screwed a little to the 
nght of the point where a clicking or rattling 
sound is heard as the knob is rotated. Once 
the proper setting of this instrument has been 
found it may be left indefinitely at that setting. 


The last stunt to be tried is to change the three 
UV-201-a tubes around until the best position 
tor each is found. One of the three may be 
tound to function better than the other two 
as a radio-frequency amplifier tube (in the left- 
nand socket). Leave the tubes in the sockets 
in which the combination is found to be best. 


It is extremely casy to tune in distant sta- 
tions if the heterodyne beat method is used. 
This is accomplished by turning the rheostat 
knob far enough in a clockwise direction to 
cause a hissing sound in the loudspeaker, in- 
dicating that the detector circuit is in an os- 
cilating condition. The tuning dial is then 
rotated until the whistle of a carrier wave is 
heard. Leaving the tuning dial set at this point 
the left-hand small knob may be rotated until 
the whistle suddenly stops and at this point the 
speech of music from the station will be heard, 
somewhat distorted. The distortion can be 
cleared up by turning the rheostat knob back 
(anti-clockwise). The tuning dial and the two 
small knobs should then be slightly readjusted 
to bring the station up to maximum volume. 
When looking for distant low-wave stations, 
keep the left-hand small knob turned with the 
arrow in a horizontal position and pointing to 
the left. For high-wave stations the left-hand 
small knob may be turned further in a clock- 
wise direction. With a few minutes practice 
one can become proficient in this method of 
tuning. 

When this method of tuning is used with th: 
loudspeaker connected to the set the whistle of 
the carrier waves will, of course, be audible 
to listeners who may be in the room with it. 


Do not be afraid of using this method as 
the receiver cannot radiate. So far as inter- 
ierence with neighboring receivers is concerned, 
there need be no worry; even when using the 
heterodyne method of tuning the first tube does 
not oscillate, therefore the whistles are con- 
fined to the detector circuit and do not get to 
the antenna where they might cause trouble to 
the neighbors who have receivers. 


To turn off the receiver it is only necessary to 
throw the switch R2 to the off position. This 
breaks the “A” battery circuit and automatically 
turns off the “B” batteries. If the “Raytheon 
Plate Supply Unit” is used instead of “B” bat- 
teries, it will also be necessary to withdraw the 
plug in the line which supplies the house-light- 
ing current to the Raytheon unit. 


Installation and Equipment 


For the assistance of those who are contem- 
plating the installation of an LC-26 receiver, 
brief descriptions of the installations in the 
homes of three of the members of the POPULAR 
RAbDIO organization are given below, with illus- 
trations. 

In all three cases the cone-type of loud- 
speaker 1s used. In one of the illustrations 
the loudspeaker does not show, as it is sus- 
pended in a doorway between two rooms with 
the object of keeping it as far from walls and 
other obstacles as possible, thus eliminating a 
certain amount of harshness which is present 
when any loudspeaker is so placed that emitted 
sounds of large volume strike a flat, unbroken 
surface such as that of a bare wall, at close 
range. 

In two of the illustrations it will be noted 
that the receivers are placed close to the win- 
dow where the antenna lead-in wire is brought 
into the house. This aids the general efficiency 
of the antenna. The ground leads in each case 
are kept as short as practicable also. 

The diagrams given of these three installa- 
tions will show some differences in the current 
supply for the receivers. In the photo and 
diagram, Figure 5, for instance, the high- 
voltage plate supply is obtained from the 
Raytheon Plate Supply Unit, which may be 
seen on the shelf under the table. A con- 
structional description of this unit was given 
in the November issue. The filament supply in 
this case is obtained from a six-volt storage 
battery, In Figure 7 the plate supply is from 
regular dry-cell type of “B” batteries. The 
filaments are supplied by a combination storage 
“A” battery and charger (Gould Uni-Power). 

In Figure 6 storage “B” batteries are used 
to provide the plate supply. A glimpse of these 
may be had on the shelf under the table. The 
filaments are supplied by a six-volt storage bat- 
tery installed with a charger and switching ar- 
rangement so that in order to charge the bat- 
tery it is only necessary to throw the switch to 
the “charge” side. 

In the case of Figure 8 there is one piece 
of equipment used which does not show in the 
picture but is found helpful in producing the 
utmost in tone quality; it is a shunt-plate unit 
connected between the loudspeaker and the set, 
the purpose of which is to keep the direct cur- 
rent from the batteries out of the loudspeaker 
windings, where it serves no useful purpose, 
but to permit the full modulated current of the 
signals to pass through the windings. In ad- 
dition to improving the tone, this device pre- 
vents any demagnetizing effect the direct-cur- 
rent flow might have on the magnets of the 
loudspeaker. This unit is somewhat similar to 
that described on page 556 of the December is- 
sue. Slight changes in the connections as 
shown there were made in adapting it to the 
LC-26 receiver, however. The diagram of the 
filter, as used with the LC-26 receiver, is shown 
below in Figure 8. 

We are glad to give definite assurance that 
this receiver cannot, under any condition, radi- 
ate energy into the antenna circuit. It is truly 
a “golden rule” receiver. 


“RADIO MAY METROPOLITANIZE THE RURAL DISTRICTS” 
That radio ts destined to have a marked effect upon two widely different types 


of newspapers—the large metropolitan dailics on one hand 


and the small town 


newspapers on the other—ts the conclusion of the author of this article. He is the 
publisher of Le Petit PARISIEN, and one of the best-known journalists of France. 


Will Radio Kill the Small Newspapers? 


By SENATOR PAUL DUPUY 


LARGE group of newspaper owners, 

publishers and editors have decided 

that radio is a serious menace to the news- 
paper world. 

Similar antagonism has been caused by 
former innovations. When the first pho- 
nographs appeared, theatrical people fore- 
cast the death of opera and concerts. They 
were wrong ; the phonographs helped mu- 
sical productions. The first movies were 
denounced as an agent that would destroy 
the legitimate drama. Yet today the stage 
thrives as never before and the prosperity 
of the cinema is proverbial. 

Now it is radio’s turn to receive the at- 
tention of the gloom dispensers. Just as 
labor has objected to each new mechanical 
device, so the stage, the screen, the press 
are wailing over the “ruin” to be visited 
upon them by radio. Yet theater managers 
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who have had the nerve to broadcast plays 
or parts of plays report that the broad- 
casts increased the box office receipts. 
And certainly there have been no reports 
of bankruptcy or of loss of circulation 
from those newspapers that have erected 
broadcasting stations even though they 
put upon the air some of the same news 
that later appears in their columns. 

There is one possibility that may be re- 
garded as a danger. By the use of radio 
we may eventually metropolitanize the 
rural districts and smaller towns. Their 
interests may become identical -with the 
interests of the big communities. This 
possibly will menace the life of the coun- 
try newspaper. 

It may be that the rural resident will, 
eventually, prefer to read the suburban 
edition of the big daily, as he will there 
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geta wider scope of information about the 
events of which he heard by radio the 
night before. 

But even this may prove less a matter of 
regret than we should at first think. After 
all, the individual is rapidly sinking into 
unimportance, and the community or the 
state is becoming the unit of human 
thought. As the world shrinks, as it is 
made smaller by rapid means of communi- 
cation, by ships, trains, airplanes, tele- 
phones, telegraph and radio, the nation 
may also gradually become secondary and 
the world will be one great unit, recog- 
nized as such not only by the statesmen 
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and the diplomats but also by the man 
in the street. 

In that day the little local paper will be 
of such slight interest that it will die a 
natural death, unmourned even by its 
owner. Radio will have been more di- 
rectly responsible for this change than 
any one other element of our complex 
civilization. It is one possibility of the 
effect of radio on the publisher. The time 
may be coming when, because of radio, 
the big metropolitan dailies will have a 
greater rural influence and, as a corollary, 
some of the small local papers will be 
gradually killed off. 


THE NEW UNDER-WATER TRANSMITTER 


To enable the crews of submarines to converse with each other while their vessels are submerged, 
the Navy Department has developed this special apparatus. 
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HOW NATURE ARRANGES MOLECULES 


FIGURE 1: This wooden model illustrates the common pattern in which molecules are ar- 
ranged. Each atom resembles a wooden shoe; four shoes closely packed form a unit of 


structure that is repeated again and again. 


The ATOM 


ARTICLE NO. 4 


The Nature of Crystals 


Tremendous power is believed to lie within the minute and constantly moving 
The entire universe, the scientists tell 
us, is made up of only ninety different kinds of atoms. One of these—the 
thorium atom—furnishes the activating power for modern vacuum-tube 
filaments as used in modern radio transmission and reception; this is one 
instance in which the energy that lies within the atom has been harnessed. 
To extract the energy from atoms and to make it of service to civilization is one 
of the most important problems that now comes before the experimenters in 
science. 


By SIR WILLIAM BRAGG, KBE; D.Sc., FRS; MRL 


particles of matter known as atoms. 


E have seen that when the effects 
of heat motion sufficiently over- 
power the forces of mutual attraction 
between the molecules, the latter may 
have an independent existence and form 
a gas; and, further, that when the 
forces have gained somewhat the upper 
hand the molecules may cling together 
and still retain a considerable freedom 
of motion; the substance is then a 
liquid. 
We have now to consider a final stage 
in which the molecules are so locked 
together that no molecule can move 
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from its position. It is, let us say, tied 
to the next molecule at more than one 
point, so that the whole structure is 
rigid or solid; fastened together as the 
various parts of a bridge are riveted 
together in a firm whole. 

The persistent tendency to form a 
crystal is very mysterious. Given time 
enough, Nature will always succeed in 
arranging the molecules according to 
a pattern, and, in general, a very simple 
pattern (Figure 1). The molecules may 
lie for a time in a higgledy-piggledy way, 
tied together so strongly that the sub- 
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stance behaves more or less like a 
sòlid; this is the case in glass. But 
the molecules are always trying to 
creep into their places in a regular 
scheme, and often succeed in time. 

‘Is every solid body a crystal therefore? 
_ The answer to the question is that it 
tries to be, and is in general far more 
successful than usually appears. Some 
things are obviously crystalline, such as 
quartz or, as it is sometimes called, 
rock crystal. Arustallos is the Greek 
for both quartz and ice. Other sub- 
stances are less obviously of crystal 
form. Such are the metals which usu- 
ally show no regularity of outer form, 
but do so under certain circumstances; 
in all cases, the crystalline structure 


can be proved by the use of X-rays. 


And again, there are many cases where 


X-rays alone can show the crystalline ` 


structure which otherwise would be 
overlooked, as, for example, in a film 
of paraffin wax melted on to a plate. 

One or two experimental illustra- 
tions of the process of crystallization 
may be given. An old and well-known 
example is shown in Figure 2. The 
sodium acetate which is dissolved in 
the liquid is very ready to crystallize; 
all the molecules are ready to set to 
partners and are only waiting for some- 
one to begin. A little encouragement 
is given by dropping in a minute crystal 
of the substance, which sets an example 
to the rest, and the crystals are seen to 
grow quickly until the whole mass is 
really solid. Or, again, we spread a 
very saturated solution of a substance 
on a glass sheet in the lantern; the 


heat dries off the liquid and the crystals - 


grow quickly under our eyes. ° This 
substance crystallizes easily and quickly, 
and for that reason gives us a convenient 
and ready illustration. Other things 
take long to form; the diamond, for 
example, takes so long or requires such 
special arrangements that the mode of 
its growth is very imperfectly under- 
stood. 

A crystal is a regular arrangement of 
the units of pattern: just as an orchard 


may contain a regular arrangement of 
trees. The plan of an orchard may, of 
course, be drawn on a piece of paper, 
while the plan of a crystal could only be 
fully set out in space of three dimensions, 
but the analogy is sufficient. Our 
object is to find out the plan. When 
we stand in a regular planted orchard 
or hop-field, we see rows of trees and 
alleys between them running away 
from us in many directions. In a 
crystal there are lines of the pattern 
units running away in all directions 
from any one of them; and, further, 
many planes can be drawn through any 
one of these lines, each of which will be 
studded with the units in regular fashion. 
‘Now, if we were told that in a certain 
orchard there were alleys 12 feet wide 
that ran in a north and south direc- 
tion, and other alleys of other widths 
that ran in other directions, we should 
have enough knowledge to enable us 
to make a plan of the orchard showing 
the positions of the trees. In the same 
way, if we could find the distances be- 
tween a few different sets of planes of 
the crystal, we could map out the posi- 
tions in space of the units that lie on 
these planes. 

This is exactly what the X-rays 
enable us to do; they give us the 
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A SIMPLE ILLUSTRATION OF 
CRYSTALLIZATION 
The sodium acetate in the decanter ts 


FIGURE 2: 

more than ready to crystallize. But the process does 

not begin until a minute fragment of the crystal 
stself is dropped into the solution. 
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distances between the various sets of 
planes. The mode in which the 
measurement is made is somewhat 
difficult to understand without some 
knowledge of the physics of wave 
motions; but perhaps the model shown 
in Figures 3a and 3b will be of some 
assistance. The model consists, in the 
first place, of a table on which spots are 
painted at regular distances; they rep- 
resent the arrangement of the pattern 
units in the crystal. Stencils made of 
thin sheet lead are cut to represent 
waves. On the left of the picture the 
waves are supposed to be rolling in on 
the crystal, and the stencils are, of 
course, arranged to be in step with each 
other. The successive sheets which can 
be drawn through the pattern units in 
the crystal act like reflectors, each 
sheet reflecting a very feeble wave, 


- 


(Fig 3.8) 


oe 


SS 
Model illustrating the 
undamental principle of the 
analysis of crystals by x-rays. 


while the great bulk of the wave flows 
on and meets successive sheets. The 
model is intended to show some of these 
reflected waves passing together out of 
the crystal on the right. It may be seen 
from the model that these bundles of 
reflected waves may or may not be 
in step with each other as in Figures 
3a and 3b respectively. In the former 
case, there is a comparatively strong 
reflected wave formed by the com- 
bination of the weak reflected waves, 
of which there may be hundreds of 
thousands. In the latter the waves 
are out of step; and there is practi- 
cally no wave motion as the result. 
It all depends on the relative adjust- 
ment of three factors—the length of 
the wave, the distance between the 
successive sheets, and the inclination of 
the direction of the advancing waves 


HOW CRYSTALS ARE ANALYZED BY X-RAYS 


Figures 3A anp 3B: By means of these two models the fundamental principles of thts 
phenomenon are illustrated as explained on pages 25 and 26. 
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Sensifive 
Flame 
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HOW SOUND IS REFLECTED 


Ficure 4: Lord Rayleigh’s experiment, to demonstrate the phenomenon of the reflection 
of sound, by means of a set of sheets of muslin; an illustration of the reflection of x-rays by a 
crystal. 


to the planes of the sheet. In practice, 
what happens is that the crystal is 
slowly turned round while bathed in a 
beam of X-rays; at certain angles the 
reflections flash out. From the magni- 
tude of the angles the distances between 
the sheets are calculated. 

Many years ago the late Lord Ray- 
leigh showed an analogous experiment 
of acoustics. A high-pitched whistle 
(Figure 4) emitted sound-waves one 
or two inches long. A set of muslin 
sheets was held by a “lazy-tongs”’ 
arrangement so that their distances 
apart could be varied; the sound went 
through all the sheets, losing a little of 
its intensity. by reflection at each of 
them. The combined reflections acted 
upon a sensitive flame, making it flare 
as shown; but only if the distances 
between the sheets were properly ad- 
justed. 


The experiment of the X-ray and the 


crystal is the fundamental experiment 
of the new investigations into the 
structure of matter. It shows how the 
pattern units are spaced in the crystal. 

The diamond is perhaps the most 
interesting of all the crystals in the 
world. It is remarkable ior the beauty 
and simplicity of its structure, and 
important because it is the simplest of 
the forms in which the atoms of carbon 
join themselves together. The basis of 
structure of organic substances can he 


found within it. It is the hardest 
mineral that we know, and its brilliance 
makes it one of the most prized of all 
jewels. It is already possible to ex- 
plain many of the properties of the 
diamond from a consideration of the 
way in which Nature has designed it. 
Every carbon atom has four neighbors 
placed round it in a perfectly symmetri- 
cal manner. This is in perfect agree- 
ment with the long-established chemical 
fact that the carbon atom tends always 


_to link itself with four other atoms and 


no more. For example, methene is a 
gas in which the molecule consists of a 
carbon atom linked to four hydrogen 
atoms. This is the marsh gas which is 
generated in marshy ground, and some- 
times burns with a feeble light, the so- 
called will-of-the-wisp. 

It is odd that the simple form in 
which carbon atoms group themselves 
should make so brilliant a gem, and that 
a form nearly as simple should be so 
opposite in character as graphite or 
black lead. A single crystal of graphite 
is almost unobtainable and the X-ray 
methods are somewhat hampered in 
their application to the determination 
of its structure. 

It is impossible to reduce it to powder 
in a mortar. It becomes simply a mass 
of fine flakes which slide over one 
another with the utmost ease. For 
the same reason, it is easy to slip on a 
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black-leaded hearthstone, because some 
of the flakes cling to the hearthstone 
and some to the soles of one’s shoes 
and the flakes slide readily over one 
another. Graphite therefore makes one 
of the best of lubricants. 

The diamond and graphite structures 
are the only two which are composed 
of carbon alone. Structures of carbon 
and hydrogen, or carbon, oxygen and 
hydrogen, or the same with a flavoring 
of other atoms, are very numerous and 
form a most important part of the sub- 
stances found in nature. Indeed, their 
study constitutes the bulk of the sub- 
ject of organic chemistry. They are 
found as the main constituents of living 
organisms, whence their name; we meet 
them continually in industrial work, as 
in the dye industry, the leather indus- 
try, the cotton industry, the manufac- 
ture of explosives, and in many other 
places, so that their study is of the 
highest importance. 

If we dissect the diamond structure, 
we arrive at combinations of carbon 
atoms which we find are the basis of 
all these organic compounds. We take 
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the graphite sheet which we have 
formed by splitting the diamond in 
parallel planes; it is a hexagonal net- 
work. We now cut through certain 
bonds and divide the whole up into 
separate hexagons. Each carbon atom 
is now joined to two others; it has 
two idle bonds. To one of these we 
attach in each case a hydrogen atom, 
and we have now the famous benzene 
ring. 

Benzene was discovered by Faraday 
in 1825; a few drops of his original 
liquid are preserved in the library of the 
Royal Institution. He did not know 
its form, only that six carbon and six 
hydrogen atoms went to the making of 
it. It was Kekulé who first guessed 
that the carbon atoms formed a closed 
chain. 

The benzene ring is found in half of 
the sum-total of organic substances, and 
because some of the first to be studied 
were the essences of the lemons, oranges, 
and the like, the whole class of sub- 
stances founded on the benzene ring 
has been called the ‘‘aromatic.”’ 

The placing of the hydrogen atoms 


æ 


THE HEXAGONAL FRAMEWORK OF THE DIAMOND 


Ficuve 5: 


The graphite sheet that T the division into the two kinds of chain molecules, 


A and BB 
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round the benzene ring has quite re- 
moved the strong attachment to other 
rings which it had when it formed part 
of the graphite sheet. Benzene is a 
liquid at ordinary temperature. All 
sorts of additions and substitutions can 
be made to the ring, and every new 
substance made in this way has its own 
special properties. 

The graphite sheet may be cut up in 
other ways: along the lines a a in 
Figure 5, or, again, along the lines b b. 
The chain may be of infinite length. 
Both these chains occur in Nature; 
they are the basis of the so-called chain 
compounds. They have been investi- 
gated in the Royal Institution. Dr. 
Muller and Dr. Shearer have found it 
possible to measure the length of the 
chain to a high degree of accuracy. 
Take for instance, the latter chain; 
every carbon has vacancies for two at- 
tachments except the end carbons, which 
have three. Let one of them be satis- 
fied with three hydrogens, and let the 
other end carry a special group formed 
of two oxygens and one hydrogen. 
Then we have a series of substances 
called the “fatty acids,” all known to 
chemists and named by them. Thus 
we have palmitic, myristic, lauric acid, 
and others. When the chain is short, 
the substance is liquid at ordinary 
temperature. But the longer chains 
belong to solid substances, and the 
longer the chain the higher the melting 
point. 

When a little of one of the solid mem- 
bers of the series is melted and poured 
on to a piece of glass or mica, layers of 
molecules are formed on which all the 
molecules are perpendicular to the glass; 
and the layers lie above one another, 
hundreds in succession, like a series of 
carpets, each hair of which represents 


THE RUBY MOLECULE 

Thts model contains two atoms of 
A shows one 
side of a molecule and B the other side. 


FIGuRE 6: 
aluminum and three of oxygen. 


a molecule. It is the arrangement in 
layers which makes it possible to 
measure the lengths of the molecules by 
means of X-rays. 


Important Kinks in Wiring 


What wires to “bunch” ; what wires to isolate; what wires to use 

spaghetti covering on—these are some of the useful bits of infor- 

mation in an article by Louis W. Hatry—in Poputar Ranpto 
for February. 
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A PRACTICAL INVESTIGATOR OF COILS AND THEIR FUNCTIONS 
The author of this article, who is an instructor in radio, is an Associate Member of the 


American Institute of Electrical Engineers and of the Institute of Radio Engineers. 


His 


studies of coils have helped materially in the work of radio experimenters. 


SOME NEW AND USEFUL FACTS ABOUT 


COILS 


Many fallacies exist in the minds of experimenters about the “low-loss” 


feature of coils or inductances. 
are now 


types. 


Many of the so-called “low-loss” coils that - 
pular in the radio field have lower efficiency than some of the older 
ust what constitutes a ‘‘low-loss’’ coil and how the characteristics of 


coils have been carefully studied is told in this article. 


By D. R. CLEMONS 


ISTRIBUTED capacity of induc- 
tance coils may be defined as the 
inherent constant C, which satisfies the 

equation for frequency, 

1 
= 2r V LC. 

for the coil free and oscillating at its 
fundamental, and for the coil operating 
in a tuned circuit, C, satisfies the equa- 


ion 
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in which C represents condenser capacity 
lumped in farads, L the pure self in- 
duction and C, the distributed capacity 
of the coil, units being in farads and 
henrys. 

As both the self induction and dis- 
tributed capacity of coils follow directly 
the geometrical dimensions of the coil, 
in obtaining a maximum self induction 
with a given length of wire, a large ca- 
pacity may result. Inherent coil capac- 
ity, which is undesirable, involves the 
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coil dimensions and the inductive capac- 
ity of the dielectric through which the 
electric field acts, hence with a given self 
induction the variable is the constant K, 


of the medium surrounding the coil. The’ 


most satisfactory formulas for evaluat- 
ing coil capacity seem to have been 
given by Mr. G. Breit, and for cylin- 
drical windings of bare wire in air, with 
the coil free and ungrounded, C, yields 
well to the formula 


C, = 0.06952 K 1 m-mfds. 


where 1 is the coil perimeter and K the 
inductivity of the dielectric. The con- 
stant K is usually doubtful, as dielectrics 
about coils are largely influenced by com- 
pound materials such as insulation, tub- 
ing, and possibly varnishes. 

Interesting discussions have arisen due 
to divergent opinions as to the exact 
effect of foreign dielectrics such as var- 
nishes which tend to increase undesir- 
able capacity inherent to the coil. One 
prominent writer believes that “due to 
the higher constant of insulating papers, 
the addition of papers between layers 
(of multi-layer coils) will increase the 
distributed capacity directly as the in- 
ductive constant of the paper.” 


From the literature dealing with losses 
in inductor coils it seems that with ca- 
pacity a certain fault in coils, any addi- 
tion whatever of varnish or insulation 
which tends to increase capacity magni- 
fies the defect directly as the constant 
of such added material. As a result of 
snap judgment one visualizes enormous 
increase of capacity and this has led to 
an over-estimation of its magnitude. 
While application of varnishes does in- 
crease the coil capacity, it is impossible 
in any coil for this increase to be di- 
rectly as the inductive constant of the 
varnish used, and in most cases is en- 
tirely removed from the constant. In 


fifteen coils successively treated with 


various high class varnishes, every one 
showed an actual decrease of effective 
resistance. This was due to the better 
insulating properties of varnish than for 
raw cotton and silk insulation exposed 
to atmospheric changes of humidity. To 
show the actual improvement of the 
various coils, Table I is given. Not one 
showed an increase of resistance after 
having been treated. 

It will be shown that capacity increases 
directly as the inductive constant only 
when the coil’s electric field is entirely 


THE ELECTROSTATIC FIELDS AROUND COILS 


Ficure 1: At the left is shown a multi-layer coil with its accompanying electrostatic field; 
notice that it covers a greater area than the fields in either the spiral winding (in the center), 


or the solenoid winding (at the right). 


The wires are shown as in cross-section. 
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occupied by the added dielectric material 
which condition is never possible in fact; 
also, other factors which indirectly de- 
termine capacity increases include, or de- 
pend upon the coil shape, nature of wire 
insulation, penetrability and inductivity 
of the varnish or compound and so on. 

Characteristic electric fields are shown 
for the solenoid, spiral and compact 
windings, which embrace practically all 
types of winding now in use, sketches 
being given in Figure 1. While great- 
est flux density is found between adja- 
cent turns for the spiral and cylindrical 
windings, the density per unit area is 
much greater in the compact windings 
due to the components of the many turns 
in traverse layers acting through small 
distances. By observing the induction 
effects between two circular areas one 
may form a mental picture of the ac- 
tion in the entire field as applied to coils 
of any shape. 

In Figure 2, two wire cross-sections 
represent two areas on adjacent turns 
of a winding, the wires having cotton 
insulation of normal thickness, the re- 
maining medium being air. Now, the 
potential difference acting through space 
between the sections permits an atomic 
orientation or orbitary shifting of the 
tiny electrical components within atoms 
occupying space and the dielectric about 
the two surfaces, which motion is equiva- 
lent to a movement of electrical energy 
and is large or small according to the 
inductivity of the medium considered. 
The potential of one section acting to- 
ward the potential of the second secticn 


at very high frequencies causes such ac- 
tion in the medium, and we may con- 
sider it a sudden and highly transient 
movement of electrical energy through 
the medium. We may think of the in- 
tensity of this movement as closely re- 
sembling the quotient of the strain di- 
vided by the stress as in mechanics. 
While displacement is present, energy 1s 
stored in the medium, and as displaced 
units can act through but a short dis- 
tance they have a velocity and distance, 
which gives the equivalent of current 
for a short interval of time; so for high 
radio frequencies the period of the po- 
tentials appearing on the wire sections 
becomes more nearly equal to the free 
displacement period of the entire atomic 
system of the dielectric, at which fre- 
quencies the energy stored during tran- 
sient periods is considerable. 

To represent this action in space 
where it becomes necessary to observe 
the equi-potential lines along which in- 
duction is taking place, familiar lines of 
electric force may be obtained. Both the 
gradient distribution and apparent lines 
may be observed by laying two smooth 
metal discs on an ebonite plate; a poten- 
tial of several thousand volts is applied 
to the electrodes and fine mica dust 1s 
sifted over the space occupied by the 
electrical fields. The dust particles ar- 
range themselves as the solid lines shown 
in Figure 3. We find that such electric 
lines of force represent only lines along 
which induction and displacement act, 
that they arise and return perpendicu- 
larly from potential surfaces, and that 
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THE ELECTROSTATIC FIELD BETWEEN TWO TURNS OF WIRE 


FIGURE 2: 


At A is shown the distribution of the electrostatic field between two turns of 


wire in atr and at B ts shown the field of two turns of wire wound un an insulating tube. 
Notice that in this case the electrostatic field is included through part of the insulating 
material thus slightly increasing the capacity between the two turns of wire. 
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A THEORETICAL FIELD OF FORCE BETWEEN TWO TURNS OF WIRE J) 


FIGURE 3: 


Two black dots represent the two wires in cross-section and the dotted lines are 


the equi-potential lines. The solid lines show the apparent lines of force that have been 
given roughly for different types of cotls in Figure 1. 


a number of them from one electrified 
surface is related to more than one other 
surface, or between numbers of other sur- 
faces acting in the same medium in the 
case of inductance coils. Where a large 
number of turns are acting in a small 
volume of space the distribution of po- 
tential causes displacement quite uniform 
near each surface, but in acting through 
the dielectric, the entire displaced action 
is formed by the component of the many 
Points acting as in Figure 4. Methods 
for calculation of component fields rep- 
resented by such lines were given by 
Maxwell and others. 

Referring to Figure 6D (assuming a 
uniform dielectric everywhere about the 
wire surfaces) the capacity is increased 
according to the constant of the medium, 
and the flux in the medium at any region 
is the voltage gradient of that segment 
divided by the flux resistance or elas- 
ticity of the medium in that segment, 
which latter value is the reciprocal of the 
permittance in the dielectric segment con- 


sidered. And were the two wires with- 
out insulation other than air, we have a 
uniform flux distribution in space as con- 
sidered from the current axis at any in- 
stant; hence under these conditions the 
coil capacity yields well to formula cal- 
culations of distributed capacity for the 
air insulated coil in free space. 

Now; let us suppose that these two 
wires are sections wound on a fiber tube, 
M, or are near to some medium of 
higher permittance than air as shown in 
Figure 2B. 

We find that, due to the higher per- 
mittance of the medium at M, a high 
gradient and approximately equal dis- 
placement is also present in M in addi- 
tion to that through the air or between 
the two wires, assuming that both wires 
are separated from the tubing M and 


‘from each other only by their cotton 


insulation. Obviously, then, we have in 
addition to the’ flux actually between 
turns, another growth of flux through 
the medium M, and the capacity is ac- 
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cordingly increased by the presence of 
this new sub-material. Though induc- 
tion acts through a much greater dis- 
tance in the medium M than for the 
space directly between the wires, it oc- 
curs through a medium of considerable 
permittivity, and if this is sufficiently 
high the voltage division permits con- 
siderable flux to be developed. 

To demonstrate the reappearance of 
flux in greater density even though act- 
ing through such greater distances, the 
following experiments were made: 

Two hardwood cubes 1.25 inch on a 
side were covered with lead foil glued 
to their surfaces; the blocks were se- 
cured by screws to a bakelite strip, their 
separation being about 0.1 inch between 
parallel surfaces. Short terminals of 


very fine wire connected with the blocks 
are shown in Figure 5A. Now, one fa- 
miliar with condensers considers the sur- 
faces or area actually between the two 
plates, since the edge effect is negligible 
as compared with flux density in the di- 
electrics of high inductivity generally 
used. Between electrified bodies having 
plane surfaces, displacement may act 
through a medium not actually between 
the parallel surfaces forming the elec- 
trodes. This “edge effect” between 
plates as computed by Maxwell is demon- 
strated at Figure 7. The two blocks sus- 
pended in air gave 26.1 m-mfds. capac- 
ity. The blocks were lowered to touch the 
surface of a quantity of olive oil and then 
raised to prevent cohesion and capillarity, 
the oil being shown in Figure 5A, for 


THE DISPLACEMENT OF ELECTRIC LINES OF FORCE IN CROWDED COILS 


FIGURE 4: Thts drawing shows diagrammatically how the electric 


fields between adjacent 


turns tn multi-layer cous may be crowded and distorted. Although the spacing at the sur- 
face of the wire is usually fairly uniform, the spacing in the less densed part of the field is 
usually non-uniform. 
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HOW THE TESTS WERE MADE 


These drawings show how two square fiber blocks and two cylinders covered 
with foil were used in tests in a tank containing oil to determine the effect of change in 


FIGURE 5: 


capacity when the blocks and cylinders were sus 


d in air or when the v touch the surface of 


the oil which had a higher dielectric constant than air i.self. - 


which position the capacity became 36.8 
m-mfds. The increase of 40 percent is 
due to the effects previously explained 
and shown in Figure 2B. To represent 
the effect for round wires, two fiber 
cylinders 1.25 inch diameter and 1 inch 
long were covered by a cylinder of foil 
and adjacent surfaces were separated 
0.06 inch as shown in Figure 5B. In air 
the capacity between these cylinders was 
1.70 m-mfds., and when lowered to oil, 
the surfaces barely touching the surface 
as shown, the capacity increased 53 per- 
cent to 2.61 m-mfds. Obviously the po- 
tential redistributes itself in acting 
through this new medium. At this time 
the cubes were entirely submerged in the 
oil which extenJed a depth of 0.5 inch 
on all sides of the blocks. The capacity 
increased from 26.1 for the blocks in 
air to 66.5 m-mfds., giving an increase 
of 2.55, which compares well with the 
inductivity of the oil, which was 3.08. 
lhis illustrates experimentally that the 


should increase the distributed capacity 
of the system. The increase is slight and 
never becomes according to the constant 
of the material unless the entire electric 
field acts in the new medium. The blocks 
did not show an increase according to the 
constant K for this reason, but sub- 
merged to a greater depth in a greater 
volume of oil, the constant was approxi- 
mately the same as the ratio. of the ca- 
pacities for the two positions. Figure 
2B is equivalent to wire wound on in- 
sulating material. 

To show the actual increase of capacity 
due to forms and tubing requires exact- 
ing methods. The tubing must be re- 
moved without any disturbance whatever 
of the coil dimensions. To draw a tube 
from a coil without changing dimensions 
of the coil, hence its self inductance, is 
almost impossible; hence, simply to meas- 
ure the fundamentals of a coil with and 
without the tubing does not indicate 
whether it is capacitive, inductive, or a 


presence of new dielectrics about wires change of both constants. When meas- 
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HOW TESTS WERE MADE ON COILS WITH WIRE COVERED WITH AN 
INSULATING VARNISH OR FILLER 

FIGURE 6: At the left are shown wires wound on an insulating cylinder and then varnished 

or dipped in an insulating compound. Notice that the compound makes a body that covers 


up t 


wires in greater or less degree. 
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ured in terms of wavelength only, the 
etfects of tubing on coil capacity are re- 
ported much too large and lead to an 
over-estimation of this effect. 

To show exactly the increase to expect 
from the addition of tubing the following 
experiments were performed: 

A flint glass cylinder 0.08 inch 
thick and having a slight taper was 
obtained and wound with No. 26 
double-cotton-covered wire into a coil 
18.5 cms. long and 7.0 cms. mean diam- 
eter; several thin strips of paper were 
pasted along the outer surface forming 
spirals to securely hold the winding shape 
constant during the experiment. The 
coil was carefully measured and found 
to be of 824.8 mhys. pure inductance and 
of 2.889 m-mfds. distributed capacity. 
Then the glass tube was carefully re- 
moved and the coil, now a mere shell, 
was measured and found to have 824.8 
mhys. pure inductance as before but a 
smaller capacity of 2.580 m-mfds. When 
the tube was again inserted both con- 
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stants were found to be again their first 
value, showing that while the inductance 
remained constant the tubing increased 
the capacity only 11.8 percent although 


the glass had a very high constant of 


6.85. By sealing one end of the tube it 
was then filled with oil, giving in effect 
an oil core inside the winding, for which 
the capacity increased 2.68 times becom- 
ing 7.76 m-mfds. 

Next, the tube was filled with distilled 
water. The capacity became 23.92 
m-mfds., the inductance in both cases re- 
maining the same (the constant of dis- 
tilled water is about 80). The coil was 
then removed from the tube and dipped 
in hot paraffin which was absorbed by 
the insulation and enclosed the wires 
somewhat as shown in Figure 5 at A, its 
depth being about 0.6 inch. The ca- 
pacity increased to 4.39 m-mfds., show- 
ing a tendency to increase according to 
the constant when the material occupies 
the space subject to maximum flux den- 
sity along the winding. 


THE FIELD AT THE EDGE OF CONDENSER PLATES 


Ficure 7: 
parallel condenser plates. 


The curve of the equi-potential lines and the stressed lines at tne ends of two 
Notice how the field is bent around the edgzs of the plates. 
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FIGURE 8: This drawing shows how a mulli- 

layer coil impregnated with liquid varnish really 

has only the outer portion covered. The varnish 

seldom penetrates through the insulation except by 
long immersion. 


Owing to the difficulties encountered 
in removing bakelite tubing from the 
finished winding without altering the self 
induction of the coil, another method of 
measuring the effect of bakelite material 
was resorted to. We have elsewhere re- 
ferred to the similarity of constants and 
feld distribution about solenoids and 
spirals of small winding depth, and we 
find by observation one plane surface of 
a perfectly flat spiral is equivalent to the 
inner cylindrical surface of the solenoid; 
therefore, by laying a perfectly flat spiral 
upon a sheet of material we have the 
equivalent of a tube having the same 
thickness as the sheet, and the effect on 
the capacity is identical. In this way 
there is no change of self induction or 
of initial capacity while handling the coil. 
A flat spiral 17.4 cms. diameter wound 
with 41 turns of No. 22 double-cotton- 
covered wire having 220.2 mhys. induc- 
tance and 3.10 m-mfds. capacity for the 
free coil was first placed on a sheet of 
laminated bakelite material 10 inches 
square and 0.187 inch thick, the copper 
being separated from the material by 
its cotton insulation only. The capacity 
increased from 3.10 m-mfds. to 4.60 
m-mfds., which is 1.48 times the free coil 
capacity; then, when lain on a similar 
grade of material twice as thick or 0.376 
inch, the capacity became 5.6 m-mfds., 
which is 1.81 times its free value. 
Though this increase is considerable, it 
is not proportional to the constant of this 
very satisfactory material having induc- 
tivities of 2.6 to 3.07, depending on the 
grade. 


FiGurE 9: This diagram shows the action of a 
few layers of paper on the electrostatic fields be- 
tween layer turns of wire. 


To show the increase of capacity for 
a dielectric of greater volume and which 
is everywhere closely related to one sur- 
face of the coil, the spiral was next low- 
ered with one surface resting on oil hav- 
ing a constant of 2.11; then the capacity, 
due to the action being illustrated in 
Figure 2B, was increased from 3.1 
in-mfds. to 6.70 m-mfds., which is about 
as before, 1.821 times the free coil ca- 
pacity. To provide a dielectric of high 
permittance distilled water was again 
used and the coil lowered to the surface 
gave 79.4 m-mfds. capacity which in- 
creased from the normal 3.1 m-mfd. Al- 
though the constant of distilled water is 
about 80 the increase is but 25.5 times the 
free coil capacity. The inductance was 
not altered by the presence of the water. 
Obviously, then, the addition of tubing 
will only slightly increase coil capacity ; 
the increase will not be directly as the 
constant of the tube or form but is gov- 
erned somewhat by it, also the thickness 
and nature of the material together with 
considerations of the insulation depth en 
the wire. 

Insulating varnishes may be applied 
to solenoids and spirals without increas- 
ing their resistance at normal frequen- 
cies, nor does varnish or impregnations 
appreciably increase the capacity of the 
coil if it is applied thinly. Referring to 
Figure 6 at B we find that wires wound 
over the tube have a slight increase due 
to the tubing being inserted or remaining 
in the electric field; then since varnish 
seldom does more than penetrate the 
fibers of cotton and silk, and probably 
merely fills the cavities within the wind- 


38 POPULAR RADIO 


ing, a great quantity of material is not 
added by a light application of varnish 
though it occupies a position of greatest 
density about the wire. Hence the mere 
substitution of one dielectric for another 
does not cause a great increase of ca- 
pacity. 

For example: 

A solenoid of 23 double-cotton-cov- 
ered wire had a capacity of 7.245 m-mfd., 
and after having applied three heavy 
coats of Redmanol, a phenol! product, the 
capacity increased to 8.275, which is 
but 14 percent above normal for this ex- 
tra heavy application of this varnish, and 
though its constant is about 2.62 when 
properly dried under heat and pressure. 

Although cotton and silk have each an 
inductivity of about 4.86 when it resem- 
bles a solid dielectric, it is not an im- 
portant detail where the insulation about 
wires consists of cotton or silk as these 
are usually a complex non-solid nature 
due to the complex position of the fibers 
making up the dielectric; therefore, cot- 
ton insulation absorbing varnish becomes 
practically a compound solid dielectric. 
For solenoids and spirals, since varnish 
ordinarily occupies but a small part of 
the entire electric field the capacity in- 
crease in them is small and is certainly 
far from any direct relation to the con- 
stant of the varnish material, but with 
a given coil the increase will largely de- 
pend on the absorbing properties of the 
wire insulation together with the amount 
of varnish applied and its inductivity 
when dried. 

In Figure 6A, where A represents a 
greater quantity of varnish than at 
B, the capacity at A should be larger 
than at B which is small, since at 
A the flux acts through a greater 
volume of dielectric material than at 
B where a large part of the field 
is through air only. To demonstrate 
this: two No. 22 double-cotton-covered 
wires having a length equal to one com- 
plete turn on the coil described were 
lain parallel and twisted together; their 


capacity was 22.80 m-mfd.; then the- 


wire was submerged in olive oil as in 
Figure 5D for which the capacity be- 
came 69.0 m-mfd. for the oil dielectric; 
then, by drawing up the wires cohesion 
of the oil gave a distribution of oil as 
at Figure 5C, which is about the shape 
that applied and.dried varnish would 
have assumed, then the lumped capacity 
was but 57.0 m-mfd. Therefore, a light 
application of varnish would resemble 
B and C in Figure 5 for which the ca- 
pacity increased 2.25 times, while for 
complete submersion the increase is ob- 
viously 3.02, which was found to be the 
constant of the oil used. Such wetting 
of the winding gives the equivalent ef- 
fect of an applied varnish on the coil. 
We have shown the coil capacity should 
increase according to the constant K only 
when the electric field is entirely con- 
tained within the added dielectric, but 
this is never the case for coils used in 
radio circuits and of the solenoid and 
spiral class, but since the field of the 
compact windings of square cross-section 
is largely contained within its winding 
surfaces, the field of the latter type does 
act almost entirely through impregnation 
material applied to coils of the compact 
type, and the increase is approximately 
as the constant. To illustrate this: 3 
coils of equal wire-lengths were designed 
for best shapes in spiral, cylindrical and 
compact types of winding. By submerg- 
ing each coil below the surface of oil of 
known constant we have the equivalent 
effect of the electric field acting within 
a large dielectric about the entire coil, 
while, by withdrawing them, the oil wet- 
ting the insulation and adhering between 
turns Is at once equivalent to an applica- 
tion of varnish, which method applied 
to the three coils described gave the fol- 
lowing results: 


Co Dry 


Coil in Air, Saturated, Submerged, Increase 
m-mfd. m-mfd m-mfd. per cent 
Solenoid...... 3.566 4.18 4.44 17.3 
Spiral. ..sssee 2.520 2.972 4.04 18 0O 
Compact...... 4.190 7.547 8 084 80 0 


For the first two the gain is but 17 and 
18 percent of the free capacity, but for 
the compact winding the saturated ca- 
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TABLE I 


Resistance Coated with 


Coil] Were-insulation | Kilocycles without thin layer of Final resistance Decrease percent. 
varnish varnish 

15 | 23 double cotton 1000 27.70 Shellac 23 65 —14.5 

16 | 23 ee 1000 27.27 Redmanol 25.21 — 7.6 

17 | 23 s Zs 1000 27.40 Collodion 25.10 — 8.4 

18 | 23 y as 1000 27.66 Paraffin 24.68 —10.8 

19 | 23 is yi 1000 9 22 Redmanol 8.75 — 5.0 

11 | 30 . a 500 68 .00 Shellac 63.50 — 6.7 3 layer banked 

7 | 23 me $e 500 28.10 Shellac 24.30 —13.5 2 layer banked 

8 |23 re es 500 4.50 Collodion 4.26 — 5.2 

9 | 26 enamel 200 28.40 Shellac 26.90 — 5.26 

10 | 22 double silk 200 67.40 Bakelite 58.45 —13.3 rectangular channel 
14 | 24 enamel 200 10.74 Shellac 10.14 56 


pacity is 1.8 times the free capacity, 
while complete submersion increased the 
capacity 2.07 times, showing that the 
compact winding gives a capacity increase 
nearly as the inductive constant with per- 
fect saturation or impregnation. The oil 
in this case had a constant of 2.11. Air 
pockets and impenetration prevented a 
direct increase, therefore, a coil of the 
honeycomb type of 100 turns was sub- 
merged. This permitted penetration to 
all parts of the coil and the increase was 
from 11.27 to 23.61 m-mfd. which 1s 
approximately as the constant 2.11 of 
the dielectric. 

Thin varnishes applied to coils fail 
to entirely penetrate compact windings, 
therefore it is improbable that increases in 
this type is greater than 70 percent above 
the free coil capacity. One coil being 
wound up of square cross-section and 
supposedly well impregnated with liquid 
bakelite was found to have but the outer 
portion impregnated as shown in Figure 
8 which would be the case for most var- 
nishes applied with a common brush or 
by simple submersion. 

The addition of thin paper insulation 
in multi-layer coils will not increase the 
capacity directly, or even approximately, 
as the constant of the paper. Referring 
to Figure 9 we have several thicknesses 
of paper between two successive layers. 
While the paper is located in position of 
greatest flux density it does not even 
approximately occupy the entire electric 
field which in a large number of turns, 
is a component of many potentials acting. 
Though it has a higher centimeter gra- 


dient than for air between two turns, it 
does not occupy such a relative position 
with respect to the traverse layers or to 


the entire field acting in the region of 


the winding. Since the paper is prob- 
ably less than 0.003 inch thick in most 
cases, any refraction of flux in it is 
negligible and the density is not appre- 
clably increased, moreover, traverse lay- 
ers being further separated tends to re- 
duce the flux and capacity of the winding 
for a given wire-length. The potentials 
in a thin segment of a compound dielec- 
tric are divided according to the thick- 
ness and inductivity of the medium. A 
potential E acting between two such 
wires, and through the cotton insulation 
of thickness d,, and constant k,, devel- 
ops a potential E, through the paper of 
thickness d, and constant k, according 
to the formula, 


Obviously the comparative thinness of 
the paper cannot permit a great potential 
to operate through it except at a small 
segment where the wires rest on the 
paper hence the total increase of flux and 
capacity is slight and is certainly not di- 
rectly as the inductivity of the paper 
would indicate. 

Apart from the effects of capacity, the 
effective resistance of inductance coils 
also involves leakage and other dielectric 
losses. It is certain that any varnish will 
improve the insulating properties of raw 
cotton and silk exposed to moisture as 
we have shown in Table I. 
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When Your Set Won’t Work 


Where to Look for Trouble and How to Fix It 
By EDGAR H. FELIX, M.LR.E. 


HEN your first automobile gave 
trouble, it made some kind of a 
snort, squeak, wheeze, or dying gasp 
which gave you a clue to the cause of 
trouble. 
But a radio set just simply -stops 
working. | 


The powers that operate it are in- . 
visible; they do not cause response to- 


our sense of smell, taste or pressure. 
They respond only to our sense of 
hearing. These forces are so elusive 
that a detective cannot trace them. 
They slip out of the wrong door at the 
least opportunity, and if you do not 
treat them exactly as you should they 
will not serve you. 

It is for this reason that radio receiv- 
ing troubles are so hard to analyze. 
The only apparent way to find the cause 
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of trouble is to try every connection, 
every control, every adjustment, one at 
a time, until you finally hit upon the 
part out of order or the incorrect ad- 
justment. 

There is, however, a sensible, logical, 
and direct process of analyzing faults 
in a radio set. In this article I will 
give you an idea of what to do if your 
set suddenly stops working. 

There are only three general symp- 
toms of trouble which can be detected 
by the human senses. These three 
symptoms all appeal to the sense of 
sound. First, you can easily tell if you 
are not receiving any signals at all; 
second, you know when you get an 
unusually weak signal—much weaker 
than you are accustomed to hearing 
from a given station; and, third, you 
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WHEN YOUR SET WON'T WORK 


can readily distinguish noisy reception. 

Although these three distinctions do 
not seem to be of particular help, they 
do enable you to at once eliminate a 
good many possible causes of trouble and 
to concentrate upon those which are 
must likely to be the cause. 


What to Do When You Hear No Signal 
At All 


The first of these symptoms of 
trouble—when you hear no signal at 
all—is perhaps the least exasperating. 
There is no question that something is 


wrong when you do not hear anything. 
‘Consequently you set to work to solve 


the mystery. - 

If you have been receiving signals 
nicely, and then suddenly they stop 
without any apparent cause, look first 
to the adjustment of your detector. 

If you use a crystal detector, monkey 
with the adjustment until you have 
found a sensitive spot. In this lies the 
cause of most of the troubles in crystal 
detector receiving. 

An excellent aid to adjusting a crystal 
detector is the use of a high-pitched 
buzzer. Connect with one side of your 
detector the terminal of the buzzer where 
the make and break of the connection 
is made. You can easily identify which 
buzzer terminal this is by the little spark 
at the set screw making the contact 
with the movable arm of the buzzer. 
This contact is connected directly with 
ene of the two terminals of the buzzer. 

When the- buzzer is thus connected 
and operating it will set up magnetic 
waves in the secondary circuit of 
ysur receiver which will enable you to 
adjust your detector. At various dce- 
tector adjustments the buzzer sound in 
the head telephones varies in strength. 
Leave the detector adjustment alone 
when you find a good loud point—you 
are then ready to receive. 

When a vacuum tube detector gives 
no signal at all it is usually a sign that 
something serious has happened. 
Vacuum tube detector troubles, how- 
ever, are not difficult to locate. 


' cuit. 
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Where to Hunt for Vacuum Tube Trouble 


The first thing to do is to examine 
your filaments. Do they light properly 
and to full brilliancy? If they light at 
all, the filaments are not burned out. 
If they do not light when a battery of 
proper voltage is applied to them, they 
are burned out. For this there is 
usually no remedy except to buy new 
tubes. 

But this is not the only possible cause 
of vacuum tube trouble. The filament 
may be burning properly; the spring 
contacts to the prongs of the tube, 
on inspection, may show that a good 
contact is being made with each prong, 
yet you may not hear a sound. Some- 
times the new thoriated filament tubes 
lose their vitality without the filament 
burning out. If this is the case try out 
the tube in a tube rejuvenator to restore 
the thorium to active condition. 

Look to your “B” battery, which 
provides the high voltage for the plate 
circuit. Are its connections complete? 
Do you get a loud click in the phones 
when you disconnect the telephones from 
the plate circuit? If you do not there 
is something wrong with the plate cir- 
Trace it from beginning to end, 
from the plate as far as the filament. 
Try your phone connections. Some- 
times one of the cords pulls off the head 
piece or loudspeaker connections. 
Sometimes th2 plug does not make a 
good contact with the jack. 

With some sets there is a variometer 
in the plate circuit. This variometer 
makes it a regenerative receiver. Occa- 
sionally the connection to the rotor 
becomes broken from continued use. 
Examine the leads carefully. 


How to Test the Plate Circuit 


Touch one of the plate battery bind- 
ing posts with your wet finger. If your 
plate circuit is complete, your filaments 
lit, your “B” battery at full strength 
and the wiring correct, you should hear 
a click when you touch the “B” battery 
binding post with a wet finger. There 
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is something wrong in the plate circuit 
itself if you do not hear a click under 
these conditions. It may be with the 
telephones or the loudspeaker. 


How to Check Up Your Antenna 


The cause of trouble may lie in the 
antenna system. A loose antenna con- 
nection sometimes makes it possible 
to hear faint signals, but when your 
lightning switch grounds the antenna, 
the chances are that not a sound can be 
heard in your telephone receivers. Look 
over the antenna system, trace it through 
the tuning inductances to the ground 
connection; trace the secondary cir- 
cuits of the receiver from the grid con- 
nections on the tube bases to the fila- 
ments, making sure there are no loose 
connections with switches, binding posts 
or movable tuning elements such as 
variometers and variable condensers. 

If your set ever worked at all, a 
search of the kind I have indicated will 
locate the cause of trouble. 


What to Do When Your Signals Are 
Unusually Faint 


A different kind of trouble may be the 


cause when you hear only weak signals. | 


Every station comes in evenly and 
smoothly, but it is only half or one- 
quarter as loud as usual. This usually 
happens when you are trying to demon- 
strate your radio set to friends. 

With a crystal receiver the first thing 
to do is to get a better adjustment 
of the crystal. If a number of careful 
attempts of adjustment produce no 
improvement, look elsewhere for trouble. 

With a larger set using radio frequency 
amplification and a vacuum tube de- 
tector there are various possible causes. 
First, be sure the filaments light to 
normal brilliancy. It may be that 
the filament storage battery has run 
down and needs charging. In that 
case you do not get proper filament 
brilliancy. 

Another possible cause is a run down 
“B” battery. Large capacity batteries 
last from six to twelve months. Some 


of the small sizes last anywhere from 
one day to three months. You never 
know what to expect of a small battery. 
If the “B” battery has run down, you 
do not get a sharp click when the tele- 
phones or loudspeaker or the “B” 
battery are suddenly disconnected from 
the plate circuit. Be sure the filaments 
are lighted when you make your test. 

With a home-made vacuum tube set, 
where the binding posts for the storage 
battery and the “B” battery are not 
marked with plus and minus signs, you 
may make the error of reversing the 
battery connections. If you have done 
this, reverse them again so that they 
are as they should be. The positive 
terminal of the “B” battery should 
connect with the plates of the tubes 
either directly or through the phones 
and tickler coil. 

Another possible cause of trouble is 
too great a degree of filament brilliancy 
on the soft detector tube or too high 
plate voltage or a grid-leak of too high 
resistance. As you gradually increase 
the filament brilliancy beyond normal, 
the first effect is a rapidly increasing 
hiss. A still greater increase causes a 
louder hiss until you hear a click and 
signals stop altogether. Your tube is 
now what is termed in technical parlance 
“paralyzed.’’ Under this condition you 
may sometimes see a faint blue glow 
around the filament and near the plate. 
Oftentimes a strong signal from a near- 
by station tips the balance and causes 
tube paralysis if the grid-leak is not 
properly adjusted. | 

Too much plate voltage also causes 
the same trouble. Reduce the plate 
voltage to normal, and decrease the 
resistance of the grid-leak. 

When using a regenerative receiver 
there is another possible cause for signals 
dying out. If too much inductance 1s 
used in the plate circuit the tube starts 
oscillating which destroys the tone of all 
voice and spark signals. A readjust- 
ment of plate inductance is necessary 
to remedy this. 

Weak signals are often received when 
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When Your Receiver Won’t Work— 


A—See that your lead-in and antenna wires are 
securely and electrically connected; 

B—See that your ground connection has per- 
fect contact with the water pipe, radiator, 
or other grounding means; 

C—See that your “A” battery wires are con- 
nected to a clean surface of the lead 
terminals; the negative terminal must go 
to the negative binding post of the set; 

D—See if the filaments are lighted. If they 
are not— 

1. See if your socket prongs make contact; 


if they do not, bend them up higher; 
2. See if your “A” battery connections are 


poor, . . . . 
3. See if the filament wiring in the set is 
unsoldered or broken; | b 
4. See if a tube is bad; test it out in another 


socket to find out if only prongs need 
er up: wee 
5. See if the rheostat winding is making a 


complete connection with its terminals. 


E—See that your condenser plates are spaced 
equally and do not touch each other; 

F—Change the phone tips of your loudspeaker 
terminals, to give best reception; 

G—See that all the soldered connections of the 
grid and plate circuits are all right. If 
you are not sure that the connection is 
complete, test it by placing a pair of 
headphones across the connection with a 
“C” battery in series with the head- 
phones; if there is a loud click the con- 
nection is perfect. (This test applies to 
all connections. ) 

H—tTest the primaries and secondaries of the 
coils by the headphone-battery method; 

I—Test your “B” batteries, which should meas- 
ure at least 80 percent of original voltage. 
Your “A” battery should show no less 
than 1175 on the hydrometer before re- 
charging. 
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the antenna is disconnected, either by a 
break in the lead-in or by leaving the 
switch in the grounded position through 
an oversight. Trace the entire antenna 
system thrcugh your set.. See that good 
connections are made with the tuning 
elements. If there is a variometer used, 
examine the connections. See that the 
ground lead is unbroken and makes 
good contact with your ground connec- 
tion. 

Go up on the roof and see if the 
antenna wire or the lead-in ‘‘grounds”’ 
at any point. Trace the secondary cir- 
cuit of your set. You often get weak 
signals although there is a break in the 
grid connection to the secondary induc- 
tance. 

If your trace of antenna and second- 
ary circuits has shown them to be in 
good working order, the trouble must 
lie in the tube circuits. Do not over- 
look the test for phone sensitiveness and 
condition of “B” battery already men- 
tioned. Your diagnosis, if thoroughly 
done, is bound to reveal the cause of 
trouble. - = 


How to Check Noisy and Irregular Re:ep- 
tion 


The final class of troubles accompany 
noisy reception. You may for a moment 
get a good loud signal and then suddenly 
it dies down; later it comes back in full 
strength. This is the easiest kind of 
trouble to locate. But you can only 
locate this if you keep your temperature 
below 104 and refrain from getting ex- 
cited. 

When great variation of signal 
strength attends reception there is a 
loose connection somewhere. Slowly 
operate each control of your set, one at 
a time. If there is a break in the vario- 
meter leads or the connections to the 
switches, you may readily find it by this 
process. If the trouble lies in a loose 
connection, sit perfectly still in front of 
the set for a moment without moving 
your head or hands and see if any varia- 
tion in signal strength takes place. If it 
does not, continue in your search for 


broken connection. Shake the wire 
which leads to the telephone head 
piece or loudspeaker. If that produces 
a series of clicks and wheezes you may 
find the copper wire has come loose from 
the cord tip. 

Sometimes the trouble is not with your 
set at all. It may be that there are 
variations in the strength of the in- 
coming signal, due either to transmitter 
troubles or to an absorptive receiver in 
your immediate vicinity. This is not 
difficult to diagnose. All you have to 
do is to tune to some other station, 
whether spark or telephone, it makes no 
difference. If a loose connection is the 
cause of your trouble it will affect all 
stations alike instead of only one par- 
ticular station. 

If varying the controls and trying the 
head receivers does not locate the 
trouble, trace each circuit, beginning 
with the plate circuit. See that the 
connections at the base of the tube are 
good. Trace all the battery connections 
and the plate circuits. Then trace the 
secondary circuits from the grid through 
the inductances to the filaments. Finally 
trace the antenna circuit from one end 
through the tuning elements to the 
ground. 

A steady reception of noise, which 
does not vary no matter what tuning 
adjustment is used, 1s sometimes caused 
by a low “B” battery used with a reflex 
receiver. It is often possible to get | 
additional service from such “B” bat- 
teries by using them on non-reflexed 
tubes. With heavy current drain scts 
extra large “B” batteries give the most 
economical service in cost her hour of 
use. Another cause of noise may be 
vibrating tubes caused by building vibra- 
tion, typewriters or nearby machinery. 

There are other causes of trouble 
but these which I mention constitute 
the 99 percent of them all. The remedy 
in each case is simple and obvious once 
the cause is located. 

Once you have successfully discovered 
a trouble, the next time it occurs you can - 
locate it in an instant. 
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HOW TO SCALE OFF THE ANSWER TO YOUR RHEOSTAT PROBLEM 


First determine the positions on the charts where the known specifications are 
located; then connect these points with a et which will fall upon the reading 
you seek. 


A MEASUREMENT CHART 


FOR USE WHEN SELECTING A RHEOSTAT FOR A 
MULTI-TUBE CIRCUIT 


Article No. 13 


By RAOUL HOFFMAN, A.M.. 


O control more than one tube by a 
single rheostat simplifies not only 
the building of a radio set, but reduces 
the contacts in the filament circuit; and 
thus adds to the efficiency of a radio 
receiver, 
Difficulty is often encountered in the 
Selection of the proper rheostat. 
Applying Ohm’s law to the filament 
Circuit, we have 
Voltage 
amperes = Resistance............ 1 
where the resistance is equal to the sum 
of the resistance of the rheostat and the 
resulting resistance of the parallel-con- 
nected tubes. 
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By connecting tubes in parallel,* the 
resulting resistance will be inversely pro- 
portional to the number of tubes used; 
therefore equation (1) will be 


Voltage 


n X Amperes = R 
n 


or 


Voltage 
oR Reo CAN 


Amperes = 


wherein n denotes the number of tubes, 
R the resistance of the rheostat, RT the 
resistance of a single tube. 


* See January, [925 issue of PorpuLar Rapio, page 
58. 
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MAKE OF TUBE 


UV 201 A 
Wp I2 


AMPERES 


R RADIO 
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MAKE YOUR CALCULATIONS ON THIS TABLE 
Ficure J: The text of this article tells you just how to figure out the proper re- 
sistance for the rheostat to employ in radio receiving cercuits with various “A” 
battery voltages. 


To evaluate equation No. 3 we find 
first, with the aid of equation No. 1, 
the total resistance required, then sub- 
tract the resistance of a single tube and 


divide the remainder by the number of 
tubes to be used, then add 2 to 3 ohms 
for control of the filament, to get the 
correct rheostat. 
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THE SUPPLEMENTARY CHART 
Ficure 2: This chart used in conjunction with that in Figure 1, indicates the proper 


resistances to use for a number of tubes. 


The text explains in detail just how these 


charts are used. 


For ready calculations, the chart in 
Figure 1 will eliminate mathematical 
operations as follows: 

We have a three-cell storage battery 
(6.6 volts) and want to know the rheos- 
tat required for controlling four UV-199 
tubes connected in parallel. 

Connect UV-199 on scale No. 1 with 
“3 wet-cells” on scale No. 3. You will 
find on scale No. 2 the resulting resist- 
ance of 110 ohms. 


Then draw a straight line through 110 
on scale No. 4 in Figure 2 and UV-199 
on scale No. 5 intersecting 60 on scale 
No. 6; following horizontally to “4 
tubes,” then vertically to the scale No. 7, 
you will find the required rheostat is of — 
15 ohms, and adding 3 ohms for control, 
you will have a rheostat of 18 ohms, to 
suit conditions. 

To obtain best results the “character- — 
istics” of the tubes should be the same. 


Another Hoffman Measurement Chart— 


for the simple calculation of inductance of toroid coils— 
will appear in a near issue of Popucar Rapio. Keep 
these charts for reference in your experiment work. 
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| DAL SETTING | 
IDEAL CAPACITY CURVE FOR THE NEW SLF CONDENSER 


FIGURE I: 


This diagram shows the necessary variation of capacity of a siraight line- 


frequency condenser with the setting of the tuning dial. Notice that at the lower settings the rate 
of increase is slow but at the higher settings the rate of increase increases greatly. 


THE PART THAT YOUR CONDENSER PLAYS IN 


TUNING 


What is the difference between ‘‘straight line capacity,” ‘‘straight line wave- 


length” and ‘‘straight line-frequency’”’ condensers? 


ust how do they affect 


tuning? What system gives the best tuning facilities? The answers are in 
this article. 


By HERBERT J. HARRIES 


WHEN KDKA was the only broad- 
casting station working on a regu- 
lar schedule, and tuned-radio-frequency 
circuits were not as popular as they are 
today, a condenser was a condenser and 
it made little difference whether the plates 
were square or circular or what shape 


they were so long as the capacity was - 


variable. ries 3 ne ood 
In 1925, A.D., however, with nearly 


considerable “cussing?” at one time or 
another, mentally or orally, because he 
found that his receiver tuned so broadly 
on the higher frequencies (lower wave- 
lengths) that separating the multitude of 
stations concentrated on the first 30 or 40 
divisions of his dials was an impossibility. 

Everyone knows that this situation ex- 


_. ists, but no one seems to have made a 


six hundred broadcasting stations sharing © 


the relatively few frequency bands at the 
disposal of the Department of Com- 
merce, the situation is decidedly differ- 
ent. Between the Atlantic and the Pa- 
cific there probably is not a single “BCL” 
(broadcast-listener) who has not done 
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careful analysis as to why it exists. 

Why must we be content with broad 
tuning on the higher frequencies when the 
same coil and condenser tune “sharp as a 
needle” on 550 to 650 kilocycles? Is it 
not possible to build a condenser which 
will have more nearly uniform tuning 
characteristics ? 


THE PART THAT YOUR CONDENSERS PLAY IN TUNING 


And the dials most commonly used 
have the 180-degree tuning range cali- 
brated uniformly from 0 to 100. Is it not 
possible to shape the condenser plates so 
that one frequency band of 10 kilocycles 
will correspond to one degree on the 
dials? In other words, if WCAE trans- 
mitting on 650 kilocycles tunes in at 90, 
why can we not make the condensers so 
that KSD on 550 kilocycles will tune in 
at 100, WHT on 750 kilocycles at 80, 


WWJ on 850 kilocycles at 70 and so on? > 


Is it possible to do these things? 

Let us consider first the matter of 
broad tuning at the higher frequencies. - 

Obviously a circuit which tunes sharp- 
ly at one dial setting is not going to tune 
broadly at another unless its resistance 
has been materially increased. Apparently 
then, as we reduce the capacity of the 
condenser we increase the resistance of 
the resonant circuit. 

Suppose we consider it from another 
point of view. When the capacity is 
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maximum, the full area of the rotor plates 
is in close relation to an equal area of the 
stator plates with nothing between them 
but some thin sheets of the best dielectric 
known—air. The dielectric losses are ex- 
tremely low, and the 550 kilocycle current 
has presented to it a path of very low 
resistance. 

As we reduce the capacity, however, 
we reduce the area of the rotor plates that 
is close to the stator plates and likewise 
reduce the area of the dielectric path 
through the air. Finally, as we continue 
to reduce the capacity we reach a point 
where the path through the air- consti- 
tutes a relatively small portion of the di- 
electric circuit. Consequently, most of 
the current is forced to flow through the 
solid dielectric used to support the plates 
and the dielectric losses become exceed- 
ingly high. The resistance at O dial set- 
ting may be as high as 10 to 20 times the 
resistance at full capacity. 

This increase in resistance does not take 
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10 60 p 
E QUAL SETTING 
THIS CURVE SHOWS CAPACITY AGAINST DIAL SETTING 
FIGURE 2: The values are here plotted on logarithmic co-ordinates. If a simple relation 


were to exist between the dial setting and the capacity, curve 1 would be a straight line. 
This ts a proof that the curve is not a simple hyperbolic. 


i 


50 POPULAR RADIO 


place at a uniform rate by any means. 
Down as low as 40 on the dial it may be 
scarcely perceptible, but somewhere be- 
tween 20 and 40, depending upon the 
shape of the plates and the excellencé of 
the condenser, it begins to rise quite rap- 
idly. It is interesting to note that of two 
condensers of present day design and 
equal excellence of construction, the one 
with circular plates will show the lower 
resistance at say 20 or 10 on the dial. 

To maintain sharp tuning then, as the 
capacity of the condenser is reduced, it 
seems apparent that we need only to pro- 
vide a low resistance path for the current 
at the lower dial settings. That would 
not be so difficult if we could manage to 
mount the plates on air. 

Now let us drop that consideration un- 
til later on and give some thought to the 
question of using 100 percent of our dials 
and having the stations spaced uniformly 
around them. The data given in Table 1 
will be of assistance. Assuming that our 
tuned circuit contains a low-loss induc- 
tance of 168 microhenries and a variable 
condenser of 500 micro-microfarads ca- 
pacity, the actual tuning capacity needed 


at each 100 kilocycle step betwéen 550 ` 


and 1,550 kilocycles has been calculated 
from the formula 


_ 159200 
s 


where C = capacity in micro-microfarads, 
f = frequency in kilocycles, and L = 
inductance in microhenries. A condenser 
with a maximum capacity of 500 mmfd. 


was chosen for no particular reason ex- 
cept that the writer is a firm believer in 
keeping the coil resistance down to a rea- 
sonable figure, and that does not, in 
general, permit the use of coils of 300 
to 400 millihenries inductance. 

The table gives the numerical values 
of the capacity needed at each tenth di- 
vision on the dial to space the stations uni- 
formly around it. Perhaps we can visu- 
alize these capacity requirements a little 
more easily by plotting them against the 
dial settings on rectangular co-ordinates, 
as is done in Figure 1. It is a hyperbolic 
curve, as the formula from which we cal- 
culated the values for C told us it would 
be, but it is not a simple hyperbolic curve. 
We can prove this easily by plotting the 
same values on logarithmic co-ordinates, 
as is done in Figure 2. If a simple rela- 
tion existed .between. C and the -dial - set- 
ting D, curve I would be a straight line. 
The fact that we get a curve shows that 
no such simple relation exists. This will 
be considered further later on. 

To digress for a moment, let us see 
what results we would get by using either 
one of the two types of condensers most 
commonly used at present, the circular 
plate (straight-line-capacity) type and 
the square-law (straight-line-wavelength) 
type. 

First, for each type, we must plot a 
capacity-dial setting curve as in Figure 
3 where I, the straight line, is the curve 
of the circular plate condenser and II 
is the curve of the square-law condenser. 

Then by plotting the capacities in Table 
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TABLE I 
Frequency Inductance Capacity Dial 
kilocycles mh. mmfd. setting 
550 168 500 100 
650 168 358 90 
750 168 269 80 
850 168 209 70 
950 168 168 60 
1050 168 137 50 
1150 168 114 40 
1250 168 97 30 
1350 168 83 20 
1450 168 72 10 
1550 168 63 0 


TABLE II 

Frequency Capacity 
ke. mmfd. 0 (D) 
550 500 0.55% (100) 
650 358 0.657 (90) 
750 269 0.75% (80) 
850 209 0.857 (70) 
950 168 0.95% (60) 
1050 137 1.05" (50) 
1150 114 1 (15x (40) 
1250 97 1.259 (30) 
1350 83 1.359 ek 
1450 72 1.4594 10 
1550 63 1.557 (03 
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Dal SETTING 
THE CAPACITY CURVE FOR TWO TYPES OF CONDENSERS 


FIGURE 3: 


I against the corresponding dial settings 
from Figure 3 we can determine where 
the different stations will come in on the 
dial. This is done in Figure 4, where curve 
I is that of the circular plate condenser 
and curve II is that of the square-law 
condenser. Curve III is added to show 
what we would get if the frequency bands 
were uniformly distributed over the 100 
divisions on the dial. 

An analysis of Figure 4 is quite illumi- 
nating. It shows us that, contrary to the 
generally accepted belief, the circular 
plate condenser is to be preferred for this 
particular combination of capacity and 
inductance. Only the lower 13 divi- 
sions on its dial are unused in covering 
the broadcasting frequency range whereas 
the lower 35 divisions of the square-law 
condenser are of no service. 

We could extend the usefulness of the 
latter by doubling the inductance and 
halving the maximum capacity, that is, 
by using a 250 mmfd. condenser instead 
of one with 500 mmfd. maximum ca- 
pacity. But in doing so we would just 
about double the resistance of the coil. 
Also, the resistance of the 250 mmfd. 
condenser below about 30 on the dial 


Curve I shows the capacity variation of a straight spon opp condenser 
and curve II shows the capacity variation of a straight line-wavelengt 


condenser. 


would be so great that the tuning would 
be broad. The net gain would probably 
be negative, assuming that a low-loss in- 
ductance was used and the 500 mmfd. 
condenser would probably prove more 
satisfactory, so far as selectivity and sen- 
sitivity were concerned, even though the 
dial range would be 13 percent smaller. 

Let us make one more comparison be- 
fore we drop the circular plate and 
square-law condensers from the discus- 
sion. If we could straighten the circular 
edges of the dials out and lay them side 
by side we would get a very clear picture 
of the relative amount of crowding we 
would experience with each condenser. 
This has been done, theoretically, in Fig- 
ure 5 where the 100 divisions are rep- 
resented as lying in a straight line. The 
number of 10 kilocycle frequency bands 
included within each ten divisions is 
clearly shown, and tthe desirability of 
the condenser which has the character- 
istics pictured in Figure 5-C is very ap- 
parent. 

Having satisfied ourselves that our 
theoretical condenser will be much more 
satisfactory than circular plate and 
square-law condensers, we now have be- 
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fore us the problem of shaping the plates 
so as to provide those characteristics. 

Figure 1 gives us a picture of the con- 
denser we propose to design. The maxi- 
mum capacity will be 500 mmfd. and 
down to 70 or 60 on the dial it must de- 
crease rapidly. As a matter of fact, the 
formula tells us it must decrease in in- 
verse proportion to the square of the 
frequency corresponding to each dial set- 
ting, as given in Table I. 

Now we have another point to con- 
sider. It has been customary heretofore 
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to design condensers with as low mini- 
mum capacity as could possibly be ob- 
tained with the exercise of the utmost 
ingenuity. Careful designers have 
turned out condensers in which the mini- 
mum capacity was less than two percent 
of the maximum. A fair figure for the 
lowest possible minimum of our con- 
denser would be about 10 mmfd. But 
Table I shows that our capacity at 0 
dial setting is 63 mmfd. Where on the 
dial can we put those 53 mmfd. we are 
“long”? 
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A TUNING CURVE FOR THREE CONDENSERS 
FiGurRE 4: Curve I is the frequency against dial-setting curve for the straight line-ca pacity 
condenser. For this combination of capacity and inductance, the straight line-ca pacity con- 
denser is to be preferred to the straight line-wavelength condenser as there are only thirteen 
unused divisions on the dial setting as against thirty-five divisions in the case of the latter. 
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Figure 5A: This drawing shows the number of ten kilocycle bands included in each ten 
degrees on the dial for curve I in Figure 4. 
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Fictre 5B: Zn this diagram is shown the number of ten kilocycle bands included és eack 
ten divisions for curve II in Figure 4. 
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IDEAL TUNING DISTRIBUTION 
Ficure 5C: Notice that the frequencies are evenly distributed over the entire dial setting, 
so that every ten division covers a frequency range of 100 kilocycles. This ts true of the 
curve III which is shown in Figure 4, for a straight line-frequency condenser. 


Why put them on the dial at all? Just 
because it has been customary for the 
range of a condenser to be from the 
maximum to the lowest possible mini- 
mum is not a good reason for continuing 
the custom. And since we do not need 
those 53 mmfd. as variable capacity for 
tuning why not leave them in the con- 
denser as a fixed capacity. This may 
sound like rank heresy to those who have 
exerted every effort to get a low mini- 
mum, but to the writer it sounds logical. 

And somewhere back there we needed 
a low resistance path at low dial settings 
so the current would not be forced 
through the solid dielectric. Here is 
where we get it. We just take those 53 
mmfd., 
cular brass or aluminum plates, provide 
some thin sheets of perfectly good air 
and there we are! 


spread them out over some cir- 


Now let us take a look at Figure 6-a 
which shows us the approximate shape 
our rotor plates will assume. What form 
the stator plates take is immaterial so long 
as we can provide convenient mounting 
means. 

We have decided that a part of each 
rotor plate will be a circle. Consequently, 
no matter what the dial setting, the pro- 
jection of the circle upon the stator plates, 
shown shaded in Figure 6-b, will be in- 
variable and great enough to provide our 
53 mmifd. All we have left to do now is 
to determine the exact shape of the rotor 
plates which will give us the capacity 
curve in Figure 1. The approximate 
shape is shown dotted in Figure 6-a and 
Figure 6-b. 

Determining the equation of the bound- 
ary curve would not be difficult if a 
simple relation existed between any value 
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of capacity and the corresponding dial 
setting. But we proved by curve I in 
Figure 2 that no simple relation exists. 


We can consider this in another way., 


Our formula 
_ 1592007 


“OPL 


can also be written 


where a, = 159200'/L. Also, since we 
wish to distribute the frequency bands 
uniformly over the dial, we should be 
able to write 


f=aD — 
where a, 1S some constant. Then we 


could substitute aD for f in the preced- 
ing formula and get 


a; 
aj D¥ 


C= (a = a, / a) 


le 


But this is not true because the pre- 
ceding equation is not true. 
Suppose we check the latter against 


Table I. When D = 100, C = 500, then — 


a 
500 = =e, anda = 5x10 


Using other values of D we get 
when D = 70, C = 1020 


D = 40, C = 3125 
D = 10, C = 500000 


THE SHAPE OF THE ROTOR SECTION 


which do not check at all with the values 
we have listed in Table I. 

This discrepancy is due to the fact, as 
we stated before, that no simple relation 
exists between C and the corresponding 
setting D. But the boundary curve is a 
hyperbolic spiral, from our original for- 
mula, so the formula 

a 

C= DE 
would be true if D were properly ex- 
pressed. If, instead of D, we use an- 
other designation, 0, for the dial setting 
and in addition have the dial read back- 
wards for purposes of calculation, we can 
give values to 0 for which the formula 
will be true. We therefore prepare Table 


II and use it instead of Table I. 
We now find that whereas our previous 
formula . 
f= aD 


was true for only one value of D and 
not for any other, the corresponding for- 
mula | 


f = he 


is true for all values of ọ listed in Table 
II. Substituting this expression for f 
we now have 
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Ficure 6A: The correct curve for the rotor plate shape for a straight line-frequency variable 
condenser that will give the variation of capacity as shown in Figure 1 and that will give 
the tuning characteristics shown in curve III in Figure 4. 
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and we find that this is true for any value Notte see 


of g given in the table, for when values 
of C are plotted on logarithmic co-ordi- 
nates against the corresponding values of 
g we get the straight line marked curve 
II in Figure 2. 

If we had not decided that part of each 
rotor plate would be a circle, the outline 
of the plate could now be expressed 

Fk 
NF 

But we have to take the circle into con- 
sideration, as well as the semi-circle cut- 
out of the stator plates to accommodate 
the shaft, so our final formula becomes 


R, = 


R, = L g R; + Rj 

where R, = the radius of the hyperbolic 
section, R, = the radius of the circular 
section, and R, = the radius of the semi- 
circle cut out of the stator plates. 

We can now replace our specially-cali- 
brated, backward-reading dial by a stand- 
ard one reading O to 100 and if our coil 
is of the proper inductance we will find 
the stations between 550 and 1,550 kilo- 
cycles uniformly distributed over 10C 
percent of our dial, as shown by curve 
III, Figure 4 and in Figure 5-c. Also, 
we have taken advantage of a fact inci- 
dent to the design of inverse-square-law 
condensers, whereby they must be designed 
with some pre-determined minimum ca- 
pacity, by making that minimum more 
than six times its customary value and 
using it to provide a low resistance path 
for the current at low dial settings. 

In the foregoing we have not taken into 
consideration the capacity of the coil. 
This, of course, would affect the radius 
of the circular portion of the plate and 
would have to be considered in determin- 
ing suitable dimensions. Also, it will be 
apparent to the thoughtful reader that a 
condenser of this type must be used with 
a definite coil if absolutely straight- 
line characteristics are to be maintained. 
The writer has not determined to exactly 
what extent a certain percentage variation 
in inductance would affect the straight- 
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ANOTHER DRAWING OF THE 
ROTOR SECTION 
FıcurE 6B: The proiection of the circular part of 


the rotor plates upon the stator plates. This area 

will be invariable, as the condenser is rotated and 

should be great enough to provide the 53 mmfd. 

shunt capacity that should be spread oul over the 
whole dial setting. 


line tuning characteristic but it would be 
inappreciable, in all „probability, over a 
range of plus or minus ten percent. 

In conclusion, it should be noted that 
a square-law condenser should be de- 
signed to cover a pre-determined wave- 
length range, and an inverse-square-law 
condenser should be designed to cover a 
pre-determined frequency range, which 
corresponds in each case to the broad- 
cast range. If this is not done, the broad- 
cast range, in which probably 95 percent 
or more of the users of this class of ap- 
paratus are interested, will be concen- 
trated on 60 to 85 percent of the cial and 
the remainder will be useless. Keeping 
this in mind, it is obvious that if we de- 
sign the condenser so as to get the lowest 
minimum possible, in line with present 
practice, the tuning range of the con- 
denser will be much greater than 1s 
needed. To get the full benefit of the 100 
divisions on our dials we must provide a 
pre-determined minimum wich ts greatly 
in excess of present practice! This is no 
real disadvantage for the high minimum 
provides a low resistance path for the 
current at low dial settings and thus re- 
duces the resistance of the tuned circuit 
by a very considerable amount. 


DQO000 e 


| | ziali 
agy Brje 


THE THEORETICAL CIRCUIT DIAGRAM 


FIGURE 1: 


This drawing shows the general circuit connections for the various instruments 


that go to make up the receiver. 


Simple 


“How-to-Build” 
No 
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14 


How to build a one-tube regenerative receiver for use with 
the new UX-199 tube 


By LAURENCE M. COCKADAY 


Cost oF Parts: Not more than $19.00 
APPROXIMATE RANGE: 1,000 miles 


Here ARE THE ITEMS FROM WHICH THE LABORATORY MopeL Was BUILT— 


A, B and C—primary, secondary and tickler 
coils of Aero coil three-circuit tuner ; 

D—Continental Separator (variable 
denser), .0005 mfd.; 

E—Sangamo fixed condenser, .00025 mfd.; 

F—Electrad grid-leak, 3 megohms ; 

G—Pacent socket No. 82 for UX-199 tube; 


con- 


HE latest addition to the series of 
simple sets for the beginner is 

more than just an ordinary dry-cell set. 
It was especially designed to be used with 
the new UX-199 for quality reception 
combined with selectivity and long dis- 
tance-getting ability. This receiver will 
be found to be an easily operated set and 
will enable the beginner to tune out the 
local stations and bring in the distant 
ones on headphones. It uses finely de- 
signed and manufactured apparatus 
throughout and may be considered the 
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H—Carter “Imp” rheostat, 25 ohms; 
I—Sangamo mica fixed condenser, 002 mfd.; 
J—composition panel, 7 by 12 inches ; 
K—hardwood baseboard, 7 by 10 inches ; 
Seven Eby binding posts; : 

Two large Century dials. 


nucleus of a receiver that may be added 
to from time to time to make a really fine 
loudspeaker set. It operates directly 
from three dry-cell batteries for the “A” 
battery and one 2214-volt or 45-volt “B” 
battery. 

The set is regenerative and the coupler 
used gives a nice control of the regenera- 
tion. The secondary coupling to the an- 
tenna is controlled by a semi-variable 
coil A shown in Figure 4. 

The tickler coil is controlled by the dial 
C which is attached to the coil C as shown 
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VIEW OF THE PANEL FROM THE FRONT 


FIGURE 2: This picture gives the general arrangement of the front panel with the two large 
diais, the small rheostat dial and the seven binding posts mounted in the correct positions. 
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THE DRILLING PLAN FOR THE PANEL 
Ficure 3: In this drawing are shown the exact locations for the holes thal are to be drilled 
in the panel for mounting the instrumentis and the binding posts. The holes outlined with 
a double circle should be countersunk. 
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in Figure 2, which is the front view of 
the set. 

The unit that is described here was 
built and carefully tested in the POPULAR 
Rapio LABORATORY. The construction of 
the set is simple and the completed re- 
ceiver, as stated before, is easy to operate. 

Take this issue of the magazine to a 
radio store and ask the dealer to give you 
exactly the same parts as those that are 
included in the list at the beginning of 
this article. 

Then take the parts home and drill the 
panel J (as shown in Figure 3) which 
gives the size of the panel and the correct 


spacing for all of the holes that are used 
to mount the instruments and the bind- 
ing posts. 

Then, mount the instruments in their 
correct positions on the panel and base- 
board as shown in Figures 4 and 5. 
When this is done, wire up the instru- 
ments with standard, round bus wire, as 
indicated in Figures 1 and 5. 

When you have finished wiring up con- 
nect the antenna, ground and batteries 
(see Figure 1) to the binding posts and 
then you are ready to listen in. 

To tune the receiver all that is neces- 
sary is to revolve the dial D, with the 
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VIEW OF THE SET FROM THE REAR 


Ficure 4: Here are shown the various instruments mounted on the back of the panel and 
on the sub-base with the connecting wires in place. 
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THE PICTURE WIRING DIAGRAM 


FicurE 5: In this diagram the exact way to run the wires is shown. 
represents the panel and on it are shown the instruments which are drawn in about their 


The upper rectangle 


The lower rectangle represents the baseboard and on it are shown the 


relative positions. 
socket and the grid-leak and condenser. 


dial C set at a rather low value and the 
small knob H turned so that the filament 
of the vacuum-tube lights with the correct 
brilliancy. 

When a signal is tuned in, the dial C 
may be adjusted so that the signal comes 
in loudest and clearest. Some other small 
adjustments may then be made by the 
small dial H and the dial D for final 
settings. 


The correct type of antenna to use 
with this receiver is a single wire of 
about 100 to 150 feet in length. 

If the set is built correctly as shown 
in the pictures and diagrams, the oper- 
ator, after he becomes familiar with the 
tuning, wili find that he will get excep- 
tionally good reception on the headphones 
from stations up to an average distance 
of about 1,000 miles. 


Handy Tools for Radio Fans: No. 9 


From a photograph made for POPULAR Rapto 


THE HAND DRILL 


A useful tool for preparing panels 


HE radio experimenter who likes to build his own set will 
find a drill of this type nearly indispensable when he comes 
to the point of drilling the panel to mount his instruments. 

The drill is composed of a long handle frame to which is 
attached a large and small beveled gear. A crank is attached 
to the large gear while the smaller is fastened to a shaft that 
carries a chuck. The chuck is adjustable to fit a large number 
of different sized drills. 

The preceding suggestions in this series were SIDE-CUTTING 
PLIERS, SCREW-DRIVERS, THE HYDROMETER, THE BATTERY- 
TESTING VOLTMETER, THE FILE, THE JACKKNIFE, THE 
ELECTRIC SOLDERING IRON and THE SOCKET WRENCH. 
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CONDUCTED BY 


Sun Spots May Bother Radio 


THE sun is growing spotted again. During 
the past fall as many as fifteen spots were some- 
times visible at one time and some of these 
spots were more than twenty thousand miles in 
diameter. Such spots are believed to be evi- 
dences of great storms on the sun. They are 
invariably accompanied by vast magnetic 
disturbances, which disturbances frequently 
reach the earth and manifest themselves by 
alterations in the direction of the magnetic 
compass, by strong stray currents in telegraph 
lines and the like. 

The spottedness of the sun is known to vary 
according to a more or less regular cycle with a 
period of approximately eleven years. The 
minimum of this sun-spot cycle was passed in 
1923 and the number and activity of the spots 
are now increasing. A recent newspaper inter- 
view with Dr. J. A. Fleming, of the Department 
of Terrestrial Magnetism of the Carnegie Insti- 
tution of Washington,* warns the public to 
expect magnetic disturbances whenever the num- 
ber of sun spots is great. It is probable that the 
effects of the sun spots on the earth include, 
also, a share in the creation of static, so we may 

rhaps expect more static this year than last. 
ossibly there will be a maximum of static, 
coinciding with the maximum of sun-spot 
activity which is due in 1929. 


Super-power and Fading 


Last summer's tests of super-power broadcast- 
ing, culminating in the alternative transmissions 
from WGY on fifty kilowatts and on ordinary 
power, have definitely established two conclu- 
sions. First, super-power does not cure fading; 
many observers reporting that the fading was 
quite as noticeable on the high power as on the 
low. Second, the degree of interference on the 
high power was not noticeably greater than on 


* Released through Science Service, Washington. D. C., 
October 20, 1925. 


Dr. 
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E. E. FREE 


the low, except, of course, in the immediate 
vicinity of the station.* 

These conclusions seem to have surprised 
many of the listeners, although there is no reason 
for such surprise. Both results are quite in 
accord with the best present-day theories of radio 
wave propagation. Fading is believed to be due 
to atmospheric phenomena, mainly the existence 
and movement of areas of different ionization 
in the upper air. Such effects ought to apply 
equally to a wave of any power, so long as its 
wavelength is unaltered. Similarly with inter- 
ference, the intensity of any wave falls off so 
rapidly with increasing distance from the trans- 
mitter that a “‘blanketing”’ effect from a super- 
power station would not be expected to extend 
more than a very few miles from the antenna. 
On the other hand, the distance range at which a 
station is audible above the static level ought to 
be approximately proportional to the power 
used, and this seems to have been the case with 
last summer’s tests. The continued tests made 
since then and which are still in progress will 
lead, doubtless, to still more exact information. 


Up and Down Movement of the 
Heaviside Layer 


THAT the famous Heaviside Layer, instead of 
being a part of the atmosphere lying at a reason- 
ably constant height above the earth’s surface, 
is really located at an extremely variable height, 
much higher at night than in the daytime and 
much higher in winter than in summer, is the 
interesting conclusion derived from the recent 
high-frequency transmission tests conducted 
co-operatively by the Radio Division of the Naval 
Research Laboratory, at Bellevue, D. C., and 
the American Radio Relay League. Prelimi- 


* The results of the tests are reported in a statement 
from the United States Bureau of Standards, published 
in the New York Times for September 13, 1925, and in 
the General Electric Review (Schenectady, N. Y.), vol. 28, 

age 720 (October, 1925). Some additional data re- 
eased by the engineers of WGY were published in the 
pote Pea of the New York Herald-Tribune for Octo- 

r 4, 5. 
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nary results, together with a tentative theory of 


high-frequency wave propagation, are repo 
by Dr. A. Hoyt Taylor and Dr. E. O. Hulburt, 
ol the Naval laboratory.* 


Newspaper accounts, released by Secretary 
Wilbur, ot the Navy, on August 19, 1925, and 
printed in full in the New York Times of August 
20, 1925, as well as in other newspapers, referred 
to the experiments as proving the existence of a 
“radio roof” around the world. Of course, the 
experiments prove nothing of the sort. In so far 
asa “radio roof” exists it is merely another name 
for the well-known Heaviside Layer. The ex- 
_ periments are, however, of very real importance 
and, presumably, Dr. Taylor and Dr. Hult urt 
were not responsible for the newepepet accounts. 

By en avery waves Dr. Taylor and 
Dr. Hulburt mean the short-wavelength waves, 
below 100 meters, which are now coming rapidly 
mto use. The tests involved waves from longer 
than this 100-meter limit down to.some as short 
as 18 meters. The theory developed is essen- 
tially an extension of the ionization hypotheses 
elaborated recently by Appleton, Nichols and 
Schelleng, Alexanderson and others.t The new 
contributions of the present paper are essentially 
two. First is the evidence for the upward and 
downward movement of the Heaviside Layer 
from time to time. Second, there is evidence 
and an explanation concerning the interesting 
phenomenon of ‘‘skipped distance” with these 
shorter waves. 

Radio experts no longer regard the Heaviside 
Layer as any mirror-like thing which actually 
reflects the radio waves. It is merely a layer 


* “Wave Propagation at Higi Frequencies,” by A. 
Hoyt Taylor and E. O. Hulburt. QST (Hartford, 
Conn.), vol.9, number 10, pages 12-21 (October, 1925). 
The substance of the paper was read before the Inter- 
national Convention of the American Radio Relay 
League, at Chicago, last summer. A brief_abstract of 
the theoretical results, by Dr. Taylor and Dr. Hulburt, 
appeared in Science (Lancaster, Pa.), vol. 62, pages 
183-184 (August 21, 1925). 

¢ For a general account of these theories see "How 
the Air Affects Radio,” Poputar Rapio, vol. 8, pages 
199-206 (September, 1925). 


of the air, well up in the atmosphere, in which 
layer the number of ionized air atoms is unusually 
high. These ions, you remember, are mere] 
atoms of oxygen or nitrogen or other gases whi 
have lost one electron each, so that the atom 
comes to possess a positive electric charge. At 
the same time the lost electrons are set free, so 
that the space in the Heaviside region contains 
a relatively large number of loose negative elec- 
trons as well as a relatively large number of 
positive ions. ‘These ions and electrons bend 
the radio waves, so that a wave ascending from a 
transmitting station into the upper atmosphere 
tends to be bent downward when it enters the 
Heaviside’ region. If it is bent sufficiently it 
may even return to the surface of the earth. 

It is this bending, Dr. Taylor and Dr. Hulburt 
believe, which accounts for the phenomenon of 
“skipped distance,” the frequently-repeated ob- 
Servation that short radio waves are perceptible 
close to the transmitter and also far away, but 
not in an intermediate zone. The waves per- 
ceived far away are reflected waves, returned to 
the earth’s surface from the Heaviside Layer. 
In certain instances it is possible, they think, 
for a back-and-forth reflection between the earth 
and the Heaviside Layer to be repeated several 
times, so that the transmitting station will be 
surrounded by successive circular zones of recep- 
tion and of silence. 

These phenomena were already known, more 
or less clearly, with the longer waves common! 
used in broadcasting. By testing them with 
shorter waves it has been possible to formulate 
mathematical relations between the width of the 
ope distance” band, the wavelength and the 
height and properties of the supposed ionized 
zone in the Heaviside region. Pests made o 
different short wavelengths showed differences in 
the width and position of the “skipped distance” 
band. These results varied, also, with the hour 
of the day and with the season. Hence the 
possibility of reaching conclusions as to the 
different heights of the ionized region at different 
times. 


Kkeproduced from QST 
REPEATED REFLECTIONS FROM THE HEAVISIDE LAYER 
Rays of radio waves from a short-wavelength transmitter may be reflected back and forth 


between the Heaviside Layer and the ground, thus producing successive bands of interference 
and non-interference. These bands vary with the average height of the Heaviside region. 
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From a drawing for PopuLar Rapiro by Arthur Merrick 


HOW THE HEAVISIDE LAYER CAN CAUSE ZONES OF SILENCE 


Close to the transmitter there is a zone in which the signal is heard by the direct path. Ata 
little greater distance these direct waves are so absorbed as to be inaudible in ordinary re- 


ceivers. 


At a still greater distance a wave reflected from the Heaviside Layer is picked up. 


The transmission may be received clearly in this outer zone, shown by shading on the map, 
although no signal is detected in the intermediate zone of silence. 


This height varies, Dr. Taylor and Dr. Hul- 
burt believe, between limits which may be as 
wide as 500 miles and 100 miles above the earth’s 
surface. Sunlight increases ionization in the 
lower air, thus lowering the position of the Hcavi- 
side region. This is why the Layer is lower in 
the daytime than at night. 

If information concerning the propagation of 
radio waves in the upper and lower levels of the 
atmosphere continues to accumulate for a few 
months more as rapidly as it has during the past 
year we will be in position soon to write a com- 
plete theory of radio transmission for all wave- 
lengths, all hours and all seasons; a theory which 
will take account of all our present mysteries of 
fading, dead spots and the like. And in this in- 


vestigation the short waves below 100 meters 
are proving, as predicted long ago by POPULAR 
Rapio to be the most effective tool which 
radio science has yet obtained. 


Using Two Antennas for 
Directional Reception 


THERE can be little doubt that one of the 
features of the perfect system of radio recep- 
tion—if we ever obtain such a system—will be 
the possibility of directional reception; a re- 
ceiver which will receive with full strength the 
waves arriving from one direction while not 
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receiving waves from any other direction. 
There would be two advantages in this. One 
is the easy elimination of interference from other 
transmitting stations of nearly the same wave- 
length. The other and more important advan- 
tage is the substantial elimination of static. 
As was pointed out by Professor E. M. Terry 
over a year ago,* most of the static comes from 
certain limited points of the compass. If a 
receiver can be directed to avoid these static 
sources the reception will be substantially clearer. 

That certain types of antennas possess direc- 
tional properties has been known since the very 
beginnings of radio. It has long been known, 
too, that a system of two antennas, connected 
to the same receiving circuit, may be made to 
take on a high degree of directional sensitivity. 
But practical application has lagged. Professor 
Terry used two antennas in his directional static 
work just quoted. Also, Mr. H. T. Friis of the 
Bell Telephone Laboratories, reported recently 


* “Tracing Static to Its Lair,” by Earle M. Terry, 
PoruLar Ravio, vol. 6, pages 342-349 (October, 1924). 
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Reproduced from Experimental Wireless 


POLAR DIAGRAMS FOR RECEIVING 
ANTENNAS 


The top diagram shows that a vertical wire receives 
equally well from all directions. The middle dia- 
gram shows the two-direction reception of a loop. 
The bottom diagram shows the combined reception 
of a loop and a wire, the heart-shaped curve indi- 
caling the combination of the other two. 


an ingenious system of attaching two loop anten- 
nas to a movable frame, so that the plane con- 
taining the two loops could be rotated to ob- 
tain a directional effect.t But the most ex- 
tensive experiments on the two-antenna system— 
also called the “spaced antenna’ or ‘“‘spaced 
aerial” system—that have come to light are 
those conducted by the Marconi Company, in 
England, under the direction of the well-known 
radio engineer Mr. C. S. Franklin. With in- 
terruptions, these experiments have been in 
progress since 1913. Certain features of the 
results, and especially a method of recording and 
evaluating them, are described in a recent article 
by Mr. E. Green.{ 

A simple vertical antenna of the usual type 
has almost no directional properties; waves 
from all directions are received almost equally 
well. An ordinary closed loop antenna has a 
certain degree of directional response. Its sen- 
sitivity is substantially higher for waves coming 
from either of the two opposite directions in the 
plane of the loop than for waves at right angles to 
these. A combination of a vertical antenna and 
a loop can be so arranged that the system as a 
whole has unidirectional properties; that is, it 
receives best from one of the directions in the 
plane of the loop and almost not at all from the 
opposite direction. It was such a combination 
which was used by Professor Terry. 

Instead of this combination of a vertical 
antenna and a loop, two loops may be used. 
The distance between these loops may be varied, 
being adjusted to a known fraction of the wave- 
length being received, usually one-sixth. The 
relative pick-up of the two loops may be varied, 
by altering the sizes of the loops or otherwise. 
The position of the plane of the two loops 
may be varied by’ revolving them around a 
common center, as was done by Mr. Friis. The 
individual planes of the two loops may be 
altered by rotating them individually, as is 
done for the single receiving loop of the radio 
compass, Finally, the phase-angle of the re- 
ceived waves from the two antennas may be 
altered by a phase-changer, thus making the 
two waves any desired degree out of phase 
with each other. 

It is obvious that these manifold possibilities 
of varying the relation of the two antennas to 
each other put into the hands of the radio 
engineer a large number of different reception 
conditions. Many of these have been worked 
out in the English experiments. Some have 
been found quite useful in practice; especially, it 
appears, a combination of two loops each of 
which can be rotated independently about its 
own vertical axis. 

For any such system it is possible to con- 
struct what is called a polar diagram, which is a 
chart showing just how the reception character- 
istics of the antenna system vary with direction. 
Some of these diagrams are reproduced here- 
with. They may be thought of as constructed 
by drawing outward in each direction from the 


t “New Antenna System Reduces Static,” this Depart- 
ment of POPULAR RADIO, September, 1925, pages 280-281. 


t‘‘The Polar Curves of Reception for Spaced Aerial 
Svstems,”’ by E. Green. Experimental Wireless and The 
Wireless Engineer (London), vol. 2, pages 828-837 
(October, 1925.). 
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From a photograph made especially for POPULAR RADIO 


MEASURING THE SHORTEST ETHER WAVES FROM RADIUM 


With this apparatus, Professor Skobeltsyn, of Leningrad, has measured the effective wave- 
length of ether waves so short that over one hundred trillions of them are necessary to 


ual the length of one ordinary radio wave. 


The rays are used to set free electrons in the 


chamber just at Professor Skobeltzyn’s left and the paths of these electrons in a magnetic 
field are photographed. 


point of reception, a line the length of which is 
proportional to the intensity of reception in that 
direction. The polar curves reproduced are 
then constructed by connecting the outer ends 
of these directed lines. While the use of these 
polar diagrams is by no means new in radio 
engineering, the present paper of Mr. Green is 
the most comprehensive account which has 
appeared so far on the use and construction of 
such diagrams: for two-antenna reception sys- 
tems. . 


Measuring the Shortest Ether 
Waves 


THE shortest ether waves so far detected by 
any method are the so-called gamma rays given 
off by radium and other radioactive materials. 
These rays are still shorter than the waves of 
the X rays, although the two ranges overlap 
somewhat; the shortest X rays produced from 
X-ray tubes being shorter than some of the 
longer gamma rays from radium: The shortest 
gamma rays are, however, substantially shorter 
than any other known form of radiation. They 
are believed to have a wavelength of only one 
five-hundred-billionth of a meter. 

These waves are less than one hundred- 
thousandth of the wavelength of the shortest 
waves of visible light. As compared with radio 
waves the discrepancy is still greater. In the 
length of one ordinary broadcasting wave 300 
meters long, there would be approximately 150,000 
billions--of these shortest gamma-ray waves. 
Imagine yourself walking from New York to 


San Francisco. You would have to take some 
seven million steps. Now imagine an ant 
walking the same distance. He would take 
many more steps. But if one of the ant’s steps 
corresponded to one of the shortest ether waves 
and if he had to walk the length of one ordinary 


_ broadcasting wave, his journey would last not 


merely from New York to San Francisco but 
fifty times around the earth. So tremendous is 


: the difference between our familiar radio waves 


and these shortest ether waves which scientists 
get from radium. 

The gamma rays are far too short to be 
measured by any of the methods used for 
measuring the wavelengths of radio waves or of 
light. They are too short, even, to be measured 
by the crystal methods used to measure X rays. 
The gamma rays must be studied by indirect 
methods. One of the most successful of these 
methods has been described recently by Professor 
D. Skobeltzyn of the Department of Physics at 
the Polytechnic Institute of Leningrad, Russia.* 
As several investigators have done before him, 
Professor Skobeltzyn makes use of the fact that 
when the gamma rays strike against matter they 
sometimes set free electrons, just as light rays 
do in the photoelectric cell. 

The speed of these freed electrons depends, 
it is believed, on the wavelength of the gamma 
rays which called them forth. Accordingly, 
Professor Skobeltzyn exposes these freed elec- 
trons to a magnetic field and measures the degree 


* “The Effective Wavelength of Gamma Rays,” by 
D. Skobeltzyn. Nature (London), vol. 116, pages 206- 
207 (August 8, 1925). 
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to which this field bends their paths. From this 
he deduces their speeds, and thence the wave- 
length of the gamma rays which freed them. 
By this method he reaches the wavelength of 
one five-hundred-billionth of a meter already 
mentioned, a value which accords quite well 
with estimates of the wavelength of these 
shortest waves made by other experimenters 
using different methods. 


Hydrogen Atoms Operate 
Useful Accessory 


A SCIENTIFIC device which deserves more atten- 
tion from radio experimenters than it has yet 
received is the ‘‘ballast resistor,” an instrument 
which serves to hold an electric current approxi- 
mately constant in spite of a considerable varia- 
tion of the impressed voltage. Suppose, for 
example, that you wish to charge a storage bat- 
tery at a constant rate from a power main the 
voltage of which is quite variable. A ballast 
resistor will help you to doit. Suppose that you 
wish to operate an electric lamp at constant in- 
tensity in spite of some up or down variations of 


General Electric 
TWO BALLAST RESISTORS 


Both consist of iron wire in an atmosphere of 

hydrogen. In one the iron filament is coiled, in 

the other it 1s merely crinkled. It dare not be 

drawn tight because of its expansion and contrac- 
tion with temperature. 


the voltage. Here, too, a ballast resistor will 
help. The device operates, in fact, like an elec- 
tric governor, keeping the current in a circuit 
constant much as an engine governor keeps the 
flywheel at a constant speed even though the 
steam pressure may vary. 

The ballast resistor consists of an iron wire in 
an atmosphere of hydrogen. Its peculiar prop- 
erties depend on the relations of the iron and the 
hydrogen, respectively, to the temperature of the 
wire. As current passes through the wire the 
wire becomes hotter, just as any conductor will 
do. This change of temperature changes the 
electric resistance of the wire, which is also some- 
thing that happens with the majority of conduc- 
tors. In the case of iron wire, it happens that a 
rise of temperature increases the resistance (at 
ordinary temperature ranges) so that relatively 
less current will flow. All this is quite usual. 
Wires of most metals behave in the same way. 
The peculiarities come in with the hydrogen. 

A hot wire in an atmosphere of any gas loses 
heat to the gas. Gas atoms hit against the wire, 
acquire some additional energy from it and move 
away. This cools the wire. The rate of this 
cooling depends on the nature of the gas atoms, 
on the gas pressure and on the difference of 
temperature between the wire and the gas. In 
the ballast resistor the hydrogen atoms behave 
in this same way. hen current is passing the © 
iron wire is hot. The hydrogen atoms cool it, 
removing the heat produced continually by the 
electric current. 

Now suppose that the voltage applied to the 
iron wire increases. Momentarily more current 
will flow. This will make the wire a little hotter. 
Two things then happen. First, the resistance 
of the wire increases, since it has become a little 
hotter. At the same time, the amount of heat 
lost from the wire to the hydrogen atoms in- 
creases, thus slightly cooling the wire. By a 
proper choice of the size and length of the iron 
wire and of the pressure of hydrogen in the tube, 
it is possible so to adjust these two changes that 
the increase in the resistance of the wire just 
compensates for the increase in the voltage, thus 
passing the same current as before. 

Ballast resistors must be designed, of course, 
for the particular current and voltage-range on 
which they are desired to operate. Mr. H. A. 
Jones, of the Research Laboratory of the General 
Electric Company, has computed recently the 
necessary formulas and tables. Experimenters 
desiring to make use of the device will find full 
and practical information in Mr. Jones’ paper.* 


An Electrolytic Theory of 
Crystal Detectors 


THE action of the familiar crystal detector 
is still a good deal of a mystery. What 
happens is that the alternating current in the 
radio-frequency part of a receiver passes the 
crystal in one direction, but not in the other. 
The crystal acts as a one-way valve for the 


* “The Ballast Resistor in Practice,” by H. A. Jones. 
General Electric Review (Schenectady. N. Y.), vol. 28, 

ages 329-335 (May, 1925), and “The Theory and 

esign of Ballast Resistors,” same author and publication, 
pages 650-659 (September, 1925). 
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General Electric 


THE CONSTANT-CURRENT BALLAST RESISTOR 
Mr. H. A. Jones is holding one of the ballast resistor tubes in his hand. Another is in- 


serted in the set-up on the table. 


One of these reststor tubes will hold the current through it 


at an approximately constant value in spite of considerable variations of the impressed voltage. 


electrons. Everyone knows this. What no 
one knows is why the crystal acts this way. 
Why can electrons pass from cat-whisker to 
crystal (or the reverse) but not in the opposite 
direction ? 

There have been many theories for this recti- 
fying action of the crystal. Some of them 
have been noted in this department. The. latest 
—and in many ways the most plausible—has 
been proposed recently by Mr. Alfred Clive 
n of East London College, London, Eng- 
and.* 

It is an electrolytic theory, which means that 
it involves the same general kind of electro- 
chemical action which happens when you charge 
a storage battery or when you pass an electric 
current through acidified water. When you 
thus “electrolyze’ the water the water is 
broken up. Oxygen atoms appear at one of 
the electric terminals; hydrogen atoms appear 
at the other terminal. Now a crystal consists, 
for example, of lead sulphide, which is galena. 
It contains lead atoms and sulphur atoms. 
What happens, Mr. James thinks, is that the 
current passing through the crystal drives the 
lead atoms and the sulphur atoms apart from 
each other, more or less. In a similar way, the 
current in the water drives apart the atoms of 
hydrogen and of oxygen. 


““The Rectification of Alternating Currents by 
Crystals,” by Alfred Clive James. The Philosophical 
Mogasine (London), Series 6, vol. 49, Pages 681-695 
(April, 1925). 


The lead atoms accumulate, he believes, at 
the point where the cat-whisker touches the 
crystal. These atoms accumulate very quickly, 
just as the bubbles of the gases appear instan- 
taneously when the current is turned through 
water. They may be accumulated, in fact, by 
a single, one-direction pulse of the current. 
During this one pulse more and more lead 
atoms continue to accumulate in contact with 
the others. The spot of metallic lead thus 
formed at the crystal surface makes an easy 
path for the electrons into or out of the crystal. 

Suppose, now, that the direction of the cur- 
rent changes. The lead atoms would then tend 
to go in the other direction. But a lot of lead 
atoms have become attached already to the 
cat-whisker. These must be removed. In a 
sense, they must be “dissolved” again in the 
main mass of the crystal, just as a part of 
the material on the active plates of a storage 
battery is dissolved while the battery is being 
discharged. This removal of the lead atoms 
absorbs some of the energy of that pulse of 
the current. At the same time, some sulphur 
atoms are left at the point of contact. These 
are non-conducting. No current gets through. 

When the current reverses once more the 
lead atoms again accumulate in contact with 
the cat-whisker, the current passes, and the 
cycle begins all over again. 

This theory involves the assumption that the 
metal atoms in a crystal of galena are able 
to move around, more or less freely, through 
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the meshes of a fixed network of sulphur 
atoms. We do not know enough about the 
inside structure of galena crystals to say defi- 
nitely whether or not this is true, but there 
seems to be no important evidence against 
it. Also, it provides, for the first time, a pos- 
sible mechanism to explain the mysterious oc- 
currence of sensitive and insensitive spots on 
the same crystal surface. 

In crystals of argentite, which is sulphide 
of silver instead of sulphite of lead, the mov- 
able atoms are those of silver. These silver 
atoms accumulate and dissolve at the contact 
point, just as the lead atoms do in galena. 
The sulphur atoms are fixed, as before. Other 
crystals, such as carborundum, are thought of 
as acting in the same general way, some electro- 
lytic change inside the crystal being responsible 
for the rectifying action. 

So far, all this has little practical importance. 
But if it does prove that Mr. James has put 
his finger on the vital clue to crystal rectifi- 
cation we will doubtless be able soon to im- 
prove the utilization of crystals in practical 
radio. Even now, it is notorious that crystal 
detection is more nearly distortionless than 
any other procedure which we know how to use. 
Perhaps a knowledge of how the atoms act 
inside crystals will yet bring the crystal back 
to an honored place in radio. 


One-way Propagation of 
Radio Waves 


OnE of the puzzles of radio has long been the 
apparent fact that transmission may be possible 
in an east-to-west direction (or vice versa) when 
it is not possible in the opposite direction between 
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the same two stations. This has seemed very 
surprising. Radio waves are supposed to pass 
through the ether. If at the same instant and 
with the same power, a station in England can 
reach one in the United States but cannot hear 
the precisely similar signal moving in the oppo- 
site direction, it looks as though the ether were 
a one-way street, a supposition which the physi- 
cists have never been willing to entertain. 
Yet many instances of such apparent one-way 
transmission have been observed in the past 
five or six years. 

Captain T. L. Eckersley, of the British Mar- 
coni Company, now comes to the rescue with a 
suggestion of two ways in which such a difference 
between wave propagation in opposite directions 
might be produced.* Both ways depend on the 
assumption that there may exist in the atmos- 
phere more or less separate clouds of ‘‘slabs” of 
ionized air, an assumption already made, years 
ago, by Dr. Reginald A. Fessenden.t 

If these ‘‘slabs’’ of ions are in motion, either 
vertically or in a direction parallel to the latitude, 
there will be reactions on the passing radio waves, 
which reactions are unidirectional and may op- 
pose either the cast-to-west wave or the west-to- 
east one, while at the same time favoring the 
propagation in the reverse direction. Captain 
Eckersley analyzes briefly the mathematical 
and physical conditions necessary for such a 
one-way barrier to the waves. 


* *‘Non-Reversible Transmission,” by T. L. Eckersley. 
Na vol. 116, pages 466-467 (September 


t “Wireless Telegraphy."' by Reginald A. Fessenden. 
The Electrical Review (London), vol. 58, pages 744-746 
(May 11, 1906) and pages 788-789 (May 18, 1906). 
See Dr. Fessenden's article, “How Ether Waves Really 
Move,” PoPULAR Rapio, vol. 4, pages 337-346 (Novem- 
ber, 1923). 


HE FINDS SOMETHING INTERESTING IN MATTER 


One of the features of the meeting of the American Chemical Society, at Los Angeles, last 
summer, was an address by Dr. Willis R. Whitney, of the General Electric Company on 
‘“‘Matter—Is There Anything in It?” By a series of ingenious and spectacular demon- 
strations Dr. Whitney showed the chemists some of the remarkable properties of the tiny 
electrons and protons which make up the atoms of matter and which are so important in radio. 


RADIO APPARATUS — 


Tas department is conducted by PoruLar Rapio Lasoratory for the purpose of keeping the 
radio experimenter and the broadcast listener informed concerning the newest inventions and the 


approved developments in radio equipment. 


Only such apparatus as has been tested and 


endorsed by the Laboratory ts noted in these columns. 


A neat binding post that ts 
easy to operate. 


A SPRING BINDING POST 


Name of instrument: Binding post. 

Description: A small, neat binding post that 
contains a spring top, which when pushed 
in opens the hole in the side to which 
the wire may be inserted. Upon releas- 
ing the pressure of the spring by taking 
the finger off the binding post a firm 
solid connection is madz. Equipped with 
circular name plates that designate what 
the binding post is to be used for. 

, Neatly made and nickel plated. 

Usage: In combination with a home-built re- 
ceiving sct for making connections to the 
batteries and the antenna and ground. 

Outstanding features: Fase of operation. Good 
contact. Neat appearance. 

(Further details furnished on request.) 


A TUBE REJUVENATOR 


N ame of instrument: Tube rejuvenator. 
escription: This piece of apparatus is con- 
tained in a metal cabinet with a black 
crystalline finish. The apparatus is 


equipped with a long extension cord for 
fastening to the 110-volt 60-cycle lighting 
lines. It will reactivate both the small 
and large thoriated filament tubes of the 
199 or 20l-a type. It is equipped with 
a lever which changes connections in the 
interior for producing the high current 
for flashing the filament, the medium cur- 
rent for maximum reactivation of the 
filament and the normal current for light- 
ing the filament during test. When this 
lever is moved to the extreme left a read- 
ing on the meter is obtained that gives an 
indication of the filament emission, so that 
the operator may determine just when 
his tube is fully reactivated. 

Usage: As an accessory for radio set owners 
in getting their tubes in good condition. 

Outstanding features: Compactness. Efficiency. 
Ease of operation. Equipped with a 
meter. 

(Further details furnished on request.) 


A compact device for making new tubes out 
of old ones; it operates simply and efficiently. 
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A TRANSFORMER FOR THE NEW 
RAYTHEON TUBE 


Name of instrument: Step-up transformer. 

Description: This transformer consists of a 
primary winding for operation on 110 
volts 60 cycles alternating current with 
a split secondary winding which is 
statically shielded from the primary by 
means of a copper shield brought out to 
a separate binding post. This secondary 
supplies the high voltage alternating cur- 
rent to each side of the full-wave recti- 
fying tube, with which the transformer 
is designed to be used. The instrument 
is mounted in a black enamel case with 
an extension cord running to the light- 
ing socket. The case is so designed that 
a free circulation of air is obtained. 

Usage: As a transformer for supplying the 
necessary energy to the Raytheon Plate 
Supply Unit. 

Outstanding features: Neat in appearance. 
Sturdy in construction. Easy to install. 

(Further details furnished on request.) 
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This rheostat will not get hot. 


A TWIN VARIABLE CONDENSER 


Name of instrument: Double variable con- 

denser. 

Description: This unit is unique in design by 
reason of the employment of two sets of 
rotor plates on a single shaft and two 
insulated sets of stators. It may be used 
for tuning two stages of radio-frequency 
amplification simultaneously by means 
of a single knob or for other uses where 
a tandem condenser is found. The work- 
manship of this unit is of the same high 
standard as other instruments by the 
same maker. 

Usage: In any radio-frequency circuit for 
tuning. 

Outstanding features: 
pactness. Dual 
mount on panel. 

(Further details furnished on request.) 


High efficiency. Com- 
operation. Easy to 


TRANS ORMER 


A well-made plate-supply transformer, 


A NEW RHEOSTAT 


Name of instrument:  Rheostat. 

Description: A novel means of supporting the 
rheostat winding is used in this device; 
it is bent around a series of insulated 
plugs made in one piece with the bake- 
lite base of the instrument. .This gives 
the resistance element a large radiation 
of heat and prevents burning out the 
coil or damaging the insulation upon 
which the resistance wire is wound. A 
novel means of variable contact is made 
in which the flexible contactor runs 
around the outside of the element. The 
instrument is equipped with soldering 
lugs. 

Usage: In any receiver for controlling the 
filament current of vacuum tubes. 
Outstanding features: Accurate workmanship. 

Good contact. High radiation of heat. 
Smooth action. Neat appearance. 
(Further details furnished on request.) 
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Single-control may be accomphished with this 
condenser. 
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A socket for all standard tubes. 


A UNIVERSAL TUBE SOCKET 


Name of instrument: Vacuum-tube socket. 


Description: This new socket is available for 
use with all of the new UX type of tubes, 
new WD type of tubes and for the older 
UV-20l-a types. It is fitted with a new 
special contact that is one piece through- 
out and including the soldering lug. A 
metal support is fastened with two screws 
to the top of the socket for holding some 
of the tubes in rigid upright position. 

Usage: In a radio receiver for mounting 
vacuum tubes. 

Outstanding features: Compactness. Fits all 
standard types of tubes except the old 
199. Neat in appearance. Low capacity. 
Good contact. 


(Further details furnished on request.) 


A WELL INSULATED CONNECTOR 


Name of instrument: Connection block. 

Description: This device consists of a cylinder 
of glass supported by two metal clamps— 
one at each end. Two other metal ter- 
minals are provided—insulated from each 
other and from the end clamps by means 
of the glass cylinder. These contain 
Fahnestock clips as well as soldering lugs 
to which the lead wires may be directly 
connected. 

Usage: In the experimental laboratory as ter- 
minals for batteries or generators. 

Outstanding features: Good insulation. 
pactness. Ease of 
tachment. 

(further details furnished on request.) 


C | Com- 
installation and at- 


c1 small connection block in which the terminals 
are well insulated from each other and from 
everything else by means of a glass tube. 


e 
A NOVEL ANTENNA TERMINAL 


A novel device to connect the telephone wires 
to the set as an antenna. 


Name of instrument: Antenna connection. 
Description: This device is a small disc of metal 
of about the same diameter as the bot- 
tom of a telephone stand. It is equipped 
with a Fahnestock binding post and a 
length of wire which may be attached to 
the antenna post on the receiving set. 
By merely placing the telephone desk 
stand on it, the felt bottom of the tele- 
phone stand acts as an insulator and as 
the dielectric of a small condenser of 
which the metal plate is one terminal and 
the desk stand is the other terminal. In 
this way, the radio signals that are col- 
lected by the telephone wires may be 
transferred to the receiving set. The sig- 
nal strength obtained with an attachment 
of this kind is somewhat dependent upon 
the local telephone circuit, but a sensitive 
set should give results in nearly all cases. 
Usage: In connection with a telephone line and 
a radio receiving set as a pick-up device. 
Outstanding features: Simplicity. Compact- 
ness. Easily installed. 
(Further details furnished on request.) 
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Three condensers harnessed together to give you single-control with a dial 
calibrated in wavelength. 


A UNIT CONTROL TRIPLE CONDENSER 


Name of instrument: Triple Condenser Unit. wavelength may be tuned in by simply 
Description: In this novel unit three con- turning the single knob so that the read- 
densers are mounted and controlled by a ing appears at the indicator. 
single knob which acts through friction Usage: In a receiving set for tuning a two- 
through the large solenoid disc. The stage radio-frequency amplifer with a 
disc is set on the rotor shaft of the single knob. 
middle condenser and a novel cam ar- Outstanding features: Single control. Uni- 
rangement turns the two outside rotor form capacity settings. Efficiency. Di- 
units of the condensers. The dial is rect wavelength calibration. Fine work- 
calibrated in wavelength and when the manship. 
unit is used with the proper coils any (Further details furnished on request.) 


A STORAGE BATTERY THAT 
CHARGES ITSELF 


Name of instrument: Storage battery with self- 
contained trickle charger. 

Description: This “A” supply unit is made in 
two sizes for either 4 or 6 volts operation 
and contains either two or three cells 
respectively. It also contains a trickle 
charger that keeps the cells always in 
operating condition. It 1s equipped with 
binding posts for connection to the set 
and a switch that is used for connecting 
the batteries through either the charger 
or to the receiver. A plug is furnished 
for connecting to the socket of the ordi- 
nary alternating current lighting lines. 
By this arrangement a small switch may 
be thrown to either one of two positions 
which provide the set with filament cur- 
rent, or charge the batteries. In this 
way, the battery is being continuously 
charged at all times at a very slow rate 
except when it is furnishing power to 
the receiving set. 

Usage: In connection with a receiving set for 
supplying filament current. 

Outstanding features: Automatic in operation. 
Reliable. Keeps batteries always in good 
condition. Relieves the set owner from 
worries about keeping battery charged. Simply throw a switch to connect this battery to 
Neat in appearance. your receiving set; then throw it back again and 1! 

(Further details furnished on request.) becomes fully charged while not in use. 
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Apparatus Approved by Popular Radio 


This list of apparatus approved by the PopuLar Rapio LABORA- 
TORY will be continued as a part of the WHAT’S NEW IN 
RADIO APPARATUS department until all instruments, parts 


and complete sets have been included. 


The listing is alpha- 


betical by manufacturer's name and the installment in this issue 
includes the letters U through Z. 


AUDIO-FREQUENCY AMPLIFIERS 


Veby complete 3-stage resistance-coupled ampli- 
her; Neby Radio Co. 


AUDIO-FREQUENCY TRANSFORMERS 
“United” audio-frequency transformer; 
Mig. & Distributing Co. 
Audio-frequency transformer; Louis E. Werts 


BATTERIES 
RB “B” battery; Universal Battery Co. 
U. S. L. rodio “A” and “B” batteries; 
Light & Heat Corp. 
H'aterbury “A” battery; Waterbury Battery Co. 
Westinghouse crystal case “A,” “B” and “C” 
butteries; Westinghouse Union Battery Co. 
“Willard” radio batteries; Willard Storage Bat- 
tery Co. 
Radio “B” battery; Winchester Repeating Arms 


`o. 

“Wizard” “A” and “B” batteries; Wizard Bat- 
tery Co. 

“World” storage “A” and “B” batteries; World 
Battery Co. 


BATTERY CIIARGERS AND RECTIFIERS 
“Valley” battery charger; Valley Electric Co. 


BINDING POSTS 
Lettered binding posts; Walnart Electric Mfg. Co. 


CRYSTAL DETECTORS 


United 


U. S. 


“Cummings” union crystal; Union Radio Elec. 
Stores, Inc. . 
“YVellowtip” crystal detector; Wholesale Radio 
Equip. Co. 
DIALS 


Micrometer dial; U. S. Tool Co., Inc. 

Knobs and dials; Walbert Mfg. Co. 

Dial; Walnart Electric Mfg. Co. 

“Workrite’ E-Z-Tune dial; Workrite Mfg. Co. 
Knobs and Dials; Yaxley Mfg. Co. 


FIXED CONDENSERS 
Fired condenser; Walnart Electric Mfg. Co. 
Fixed condenser; Yaxley Mfg. Co. 
GRID-LEAKS AND RESISTANCES 
Paneth grid resistances; Walnart Electric Mfg. 
o. 
Royalty variable grid-leak; Wireless Products 
orp. 
Royalty resistance units; Wireless Products Corp. 
Resistance unit; Yaxley Mfg. Co. 
HEADPHONES 
“Ampl-tone” phones; Union Fabric Co. 
“Warren” phones; Warren Radio Phone Mfg. Co. 
“Workrite’ concert headset; Workrite Mfg. Co. 
JACKS 
Union tip sack; Union Radio Corp. 
Jacks; Yaxley Mfg. Co. 
KITS 
U-ni-dial kit; Unidial Radio Co. 
Super-heterodyne kit; Victoreen Radio, Tne. 
LOOPS ; | 
eas radio loop antenna; Werner Radio Mfg. 
o. 
LOUDSPEAKERS 


Black Beauty reproducer: United Radio Corp. 
“Utah” phono-speaker; Utah Radio Products Co. 


“Van-Le” reproducer; Nan-Le Corporation 
Professional reproducer; Noluma Products, Ine. 
“Moon” loudspeaker; Wilson Utensil Co. 
“Windsor” loudspeaker; Windsor Furniture Co. 


MISCELLANEOUS ACCESSORIES 


Dial adjusters; Union Radio Corp. 

Vulley clip; Valley Electric Co. 

Solder fiux and rosin core solder; Valley Forge 
Chemical Co. 

Var Flex tubing; Var Flex Corp. 

lar Flex wire core; Var Flex Corp. 

“Cross Country” circuit (parts and instructions); 
Vesco Radio Co. 

“Penctrola” (auxiliary unit); Walbert Mfg. Co. 

Panelites; Walbert Mfg. Co. 

ldjuster; Walnart Electric Mfg. Co. 

“Workrite” concertrola; Workrite Mfg. Co. 


PANELS 
Hard rubber panels; United States Rubber Co. 


PHONE PLUGS. 
G. W. 5-circuit plug; G. E. Walker Co., Ine. 
Plug; Yaxley Míg. Co. 

PHONOGRAPII ATTACHMENTS 
aAmpl-tone loudspeaker unit; Union Fabric Co. 


POTENTIOMETERS 
Potentiometer; United Scientific Laboratory, Inc. 
Potentiometer; Yaxley Mfg. Co. 
RADIO CABINETS 
De Luxe radio cabinets; Utility Cabinet Co. 
Radio cabinet; Whaling Wood Products Co. 
RADIO-FREQUENCY TRANSFORMERS 


“United” radio-frequency transformer; United 
Mfg. & Distributing Co. 
“Tictory” 4-circuit transformer; Victory Radio 


o. 
“Werner? radio-frequency 
Radio Mfg. Co. 


RECEIVING SETS 
“Unidyne” receiver; United Mfg. & Distributing 


transformer; Werner 


‘0. 
U-S-L Broadcast receptor: U-S-L Radio, Inc. 
Ne aed ye. receiver; Western Coil & Electrical 


U. 
“EIF” crystal receiver; Westwyre Co. 
Zenith receivers; Zenith Radio Corp. 


RHEOSTATS 


Rheostet; United Scientific Laboratory, Inc. 
“Unity” vernier rheostat; Unity Mfg. Co. 
Rheostat; Wilcox Laboratories., 

“Iorkrite” vernier rheostat; Workrite Mfg. Co. 
Rheostat; Yaxley Mfg. Co. 


SOCKETS AND ADAPTERS 
I’. T. Socket; Union Radio Corp. 
Walbert safety rim socket; Walbert Mfg. Co. 


HWoalnart. sockets (bakelite insulation); Walnart 
Electric Mfg. Co. 


SWITCHES 


Filament lock switch; Walbert Mfg. Co. 
Switch: Walnart Electric Mfg. Co. 

Midget battery switch: Yaxley Mfg. Co. 

No. 210 Pilot light switch; Yaxley Mfg. Co. 


TESTING INSTRUMENTS 


Weston panel voltmeter; Weston Electrical Instru- 
ment Corp. 
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Louisville Courier-Journal 


DUPLICATING THE WORLD'S SERIES BY RADIO 


Replaying the innings of world’s series baseball games on a field in Louisville, Kentucky, while 
the games were actually going on in Pittsburg or in Washington was the feat that radio made 


possible. 
within a few minutes after it was made. 


Two Louisville teams took the Pn of the big leaguers and duplicated every play 
he 


layers all wore headphones. These were 


wired to their feet and a connection made through metal discs set in many parts of the fied. 
The broadcast report was picked up by receivers and transmiited to the players who re-enacted 
what they heard. 


The BROADCAST LISTENER 


Comments on radio programs, methods and technique 
— from the point of view of the average fan 


By RAYMOND FRANCIS YATES 


Some Grade-A Broadcasting 
at Last 


T hig-meter waves have washed up a few 
A-number-one radio-acts since the appear- 
ance of our smashing review in the November 
issue. As a matter of fact, it begins to look as 
though we might have to take back what we 
said about the small difference between the 
summer and winter season. Here we have 
heard Josef Hoffmann, Olga Samaroff, May 
Peterson and Louise Homer and Toscha Siedle 
all within the space of a single month! That’s 
a pretty heavy brand of entertainment after 
you've grown accustomed to a musical diet con- 
sisting chiefly of nothing but homeopathic 
doses of twenty-nine-cent phonograph records. 
It's getting so that you cannot tell what radio 
will do next. One day it is walking down 
Sixth avenue in a crash suit smoking Cincos 
and the next day it is swanking down Fifth 
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avenue with a full cutaway, a topper and a 
fifty-cent straight. You say it with razzberries 
one day and with a great big bunch of orchids 
the next. 

There is just one little fault that we have 
found with the Atwater-Kent programs. Not 
that we wish to put on the elegant air of the 
snooty connoisseur, for we are perhaps one of 
the worst listeners that ever fell into applaud- 
Ue the rest of the pretenders at Carnegie 

all. 

It seems to us that these air concerts would 
be immensely improved with a more brilliant 
accompaniment for the singing artists. In the 
concert hall, with its dazzling chandeliers, its 
smartly dressed women and its gayly decorated 
walls, there is created an atmosphere that makes 
the piano sufficient, but that same piano is a 
pretty drab background in a radio recital. This 
admission may show us up as being one of the 
rawest radio critics in the business, but just the 
samey we feel that Mr. Atwater-Kent would 
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be giving his concerts a full twelve-pound sound 
by adding a small symphony orchestra. A con- 
cert in Carnegie Hall and a concert in the home 
of J. WW hoasis Smith, 567 Plimpton avenue, the 
Bronx, U. S. A., are two totally different 
things. In Carnegie Hall it is not dificult to 
make May Peterson sound like a $3,000-a-night 
voice with the piano as the only support, but 
when you lift that voice out of the Hall and 
place it in the average American home you 
havent very much left. Its just like taking 
the purple spot off the stage mystic. 

There is no good reason to say that Mr. 
McNamee is doing a fine bit of announcing in 
connection with the Atwater-Kent programs, 
because he isn’t. If Mr. McNamee is not flat- 
tering the star he is flattering or patronizing 
his audience, and if he isn’t doing that he is 
tossing out a literary garden of American 
Beauties. Still Mr. McNamee is the star an- 
nouncer of WEAF, and was rushed right from 
the World’s Series to the opening concert of 
the Atwater-Kent programs. It does seem a 
bit incongruous that a man should perform so 
efficiently at baseball, at the ringside, at po- 
litical conventions, at football and at big league 
recitals. Either Mr. McNamee is a very keen 
and widely learned gentleman or he is of just 
ordinary sophistication and is being badly over- 
worked. 


If we had the handling of the Atwater-Kent 
programs we should engage an announcer with 
the training and background of—of—. 

Just fancy that, we can’t think of a soul! 
Well, wed save Mr. McNamee for the next 
World’s Series, anyway. 


* * * 


A Hot Shot from Chicago 


Just when we are beginning to take seriously 
the many, many thousands of flattering letters 
received, along comes a Chicago reader with 
a mad on. 


“Dear Sir: 

“Don’t take this salutation seriously. 

“Beyond a doubt you are of the type that 
would kick the crutches from under a cripple 
in a trafħc jam. I have been reading with grow- 
ing disgust and finally with pity your puny ef- 
forts at mirth under the section ‘The Broadcast 
Listener.’ | 

“Now for a dose of your own literary effort. 
Perhaps I can set your warped intellect right 
regarding broadcasting in the Chicago district. 
I refer especially to your paragraph ‘The Chi- 
cago Listeners Strike.’ In the first place Chi- 
cago 1s still in the republic and neglecting the 
18th Amendment the Constitution is holding 
sway. A petition from thousands of broad- 


Kadel & Herbert 


THEATRICAL STARS ENTERTAIN HOSPITAL PATIENTS BY RADIO 


A program which was designed for the special benefit of hospital patients, and furnished 

bv many famous stars of the theater, was broadcast recently from the Friars Club tn 

ew York. Burr MacIntosh, actor, author and lecturer, ts here shown before the microphone 
in the famous club's quarters. 
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cast fans has forced the Chicago broadcast- 
ing stations to close one night a week. We've 
a right to our opinion here as well as you 
in the Empire State. In addition, the Mayor's 
Radio Commission requested all local stations 
to close on Monday evening. Many broad- 
casters took advantage of this by reason of 
the fact that their stations were located outside 
the corporation limits. After a good deal of 
effort, the Radio Broadcast Listener’s Associa- 
tion, of which I am not a member, succeeded 
in closing all these stations with one exception. 
This station is negligible, because it 1s on too 
high a frequency and cannot be heard well on 
the ordinary receiver. 

“We'll admit that broadcasting is not yet on 
the hoity-toity plane you are planning on putting 
it. There are as many people who like dance 
music and popular songs as there are those 
who enjoy highbrow music. I am of the opinion 
that there is room for every type of music and 
program. But were we to accept your recom- 
mendation, we would degenerate to your type 
of spineless jellyfish, wanting only one thing 
and to hell with the others. I have listened 
to Art Linnick go from one station to another, 
singing the same song six days a week for 
one whole summer. Certainly we are entitled to 
hear the Hotel Nicollet orchestra at Minne- 
apolis or the Hotel Alexandria orchestra at 
Los Angeles one night a week. As far as I’m 
concerned they could close every Chicago sta- 
tion seven nights a week and I'd never miss 
‘em. But there are thousands who would. We 
are entitled to one night a week to hear what 
the other fellow is doing. You might reply, 
‘Get a good set.’ Thank you, I have one, but 
the most selective in the shadow of WIBO, 
WQJ, WBBM and WEBH would have a 


sweet time cutting off the dozens of wave- 
lengths on which some energy is being radi- 
ated. Thirty-two local broadcasting stations 
are capable of blanketing the entire broadcast 
spectrum. 

“Believe me sincere, 


“H. M. D.” 


We did feel a little mean and small after 
reading H. M. D.’s letter, but we walked right 
out and tossed off a Coca-Cola and came back 
feeling fine. Part of the next three days we 
spent trying to think up a funny answer for 
H. M. D's calling us a kicker of crutches 
from under cripples in trafic jams, but for 
the life of us we could not think of a thing 
that had the right kind of a ring to it. We 
might have told him, however, that we once 
stood for fifteen minutes on a nickel that a 
poor old lady had dropped in the post office. 
There’s really no telling what we might do 
in a traffic jam. 

When we came to the part of Mr. H. M. 
D.'s letter wherein he accuses us of trying to 
lift broadcasting to a hoity-toity plane we juist 
lost control of ourself and guffawed so that 
you could hear it all over the place. That is, 
perhaps, the funniest statement that has ever 
been made in this department. We had thought 
up until this time that “our puny efforts at 
mirth” was one of the most substantial barrels 
of solid hoke mined in the western hemisphere. 
Another letter like that and we shall go right 
up to Carnegie Hall and write a cruel and 
devastating critique on Mr. Walter Damrosch’s 
conducting. 

Mr. H. M. D. says “I am of the opinion that 
there is room for every type of music and pro- 
gram.” That either proves that Mr. H. M. D. 


BROADCAST-LISTENERS SIT IN ON A BRIDGE GAME WITH EXPERTS 

Radio fans recently had a chance to learn the fine points of auction bridge from some of the 

best-known authorities when games played by E. V. Shepard, W. C. Whitehead, Milton C. 
Work, and Sidney S. Lenz were broadcast play by play. l 
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Kade! & Herbert 
POLITICAL CAMPAIGNERS DISCARD THE “STUMP” FOR THE “MIKE” 
Instead of addressing the handful of listeners who can come within range of his voice, the 


politician of today addresses hundreds of thousands at a time by radio. 
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The political con- 


tests of tomorrow will be largely contests for access to broadcasting stations. Here is a fe 
at the broadcast debate between Governor Smith of New York and Representative Ogder, Mills 
on the eve of Election Day at Buffalo. 


is a member of the Kiwanis Club or that he has 
really given serious thought to this business of 
broadcasting. It invariably happens that a 
man doing heavy thinking on the subject of 
Programs eventually comes to the conclusion 
that America is a racial vegetable stew and 
that, consequently, its broadcasting must be 
built upon the principle of a crazy-quilt or a 
Beloochistan rug. 

If you meet us on the street some day mut- 
tering strangely and incoherently, you will 
now that we succumbed to the mental strain 
of trying to devise a hoity-toity program that 
will please cosmopolitan America. 

eriously, we shall try to be more tolerant, 
as Mr. H. M. D. wishes. You know the voice 
with the smile wins, and we really should have 
more Kewpie dolls smiling at us from the 
mantelpiece. 
* * * 


The Demands of the Society of 
Authors and Composers 


Up until a few months ago we had worked 
UP quite a bit of sympathy for the Society of 

uthors, Composers and Publishers, but sub- 
Sequent action of the Society in attempting to 
sant what would amount to a fee of from 
¥100.00 to $200.00 a dav from each broadcaster 
i the United States, has left us a bit cold and 
Prejudiced. The demands are exorbitant and 
"diculous, and they show that the officers of 
«we Organization have a very poor head for 

88ers.” At the rate mentioned, there is not 


one broadcaster in the country that will be able 
to meet these demands and, except in isolated 
cases where broadcasters desire to use special 
programs, the Society’s income from radio will 
be small enough to carry around in the change 
pocket of any overcoat. 

{ the Society would ask a reasonable charge 
of say $10.00 a day for each broadcaster using 
its copyright music, its income would be in- 
creased by some hundred thousand dollars a 
vear, which would be just so much gravy. In- 
stead of being satisfied with this the Society 
is setting to the task of gathering in millions 
from an industry that has been bankrupt since 
the very day it was born. 


An Atlantic City Fan Breaks 
Loose 


“Dear Sir: 


“When one does a good thing it 1s natural 
that one hkes to know that others appreciate 
it. Consequently, I am doing something very 
unusual for me—taking the time and trouble 
in a very lazy life to congratulate you on 
vour strong editorials. I refer especially to 
‘Studio Sheiks’ and ‘Some Pretty Bad Sta- 
tions.’ 

“In your next editorial, please comment on 
these lady-like announcers who try to put such 
pathos in their voices. It is plainly evident 
that they are listening to themselves. I refer 
especially to Clarence Bowden of WOO and 
Major Bowes of the Capitol. Major Bowes 
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certainly does ‘love his little family'—my God! 

“You must listen to Clarence tell about the 
composers of the organ compositions he plays. 
It is certainly amusing to listen to these fellows 
with their broad A's and their totally affected 
pronunciations of various sorts and styles. 

“And while I'm all het up and mad, I want 
to damn this word cnsemble, which seems to 
have just been discovered. Orchestra and band 
are good old-fashioned words and they are 
exact in their meaning. 

“The writer of ‘The Broadcast Listener’ cer- 
tainly has courage. 

“C. S. D?” 


(Will Mr. H. M. D. please note?) 


+ x * 


How to Run a Broadcasting 
Studio 


Ir anybody should ever ask us to manage a 
broadcasting studio we should immediately post 
a set of rules and regulations, which, if fol- 
lowed out, would make it the best station in 
this great big world of ours. After you stop 
to carefully weigh this boast, it really isn’t say- 
ing a lot. If you set out to make a better 
Woolworth Building or a better radio magazine 
than Porutar Rapio (advt.) you'd have a 
pretty hard job on your hands, but the formula 


Kadel & jebet 

A FLYING BROADCAST STUDIO 
The cabin of the giant Sikorsky airship was con- 
verted into a studio when Maxine Brown broad- 
cast her part of the program from a spot a thousand 


feet or so above the earth. The program was sent 
out on a 40-meter wave, was picked up at WGBS 
and rebroadcast on the station's regular wavelength. 


for the world’s best broadcasting station should 
Le just about as easy aS an improvement in 
circus lemonade. 


Rule No.1. Announcers must refrain from giv- 
ing even a hint concerning their 
identification. 

Rule No.2. Any announcer caught using the 
broad A or making other effort to 
sound ritzy, will arrange his own 
appointment with the cashier. 

Rule No.3. Announcers must not use the phrase 
“and now at this time.” Now usu- 
ally means “at this time.” (WJ Z- 
WJY staff please note.) 

Rule No.4. One soprano will be permitted to 
sing two selections from this studio 
every third Friday. 

Rule No. 5. The equipment of this station is not 
available to the clergy unless they 
can relieve their voices of every 
trace of sanctimonious moaning in 
the lower register. 

Rule No.6. No HAND CLAPPING IN THIS STUDIO. 

Rule No.7. All boys under twenty years of age 
who play Hohner harmonicas are re- 
ferred to the program manager of 
WEAF and WJZ. 5 

Rule No.8. No artist (especially female) will 
be permitted to tell the audience 
that he or she was “thrilled” or that 
it was a “perfectly wonderful ex- 
perience.” 

Rule No.9. If Major Bowes broadcasts from 
this studio, will he please refrain 
from calling his troupe his “happy 
little family.” That is obvious ap- 
plesauce. 


- Rule pret one pluggers will please apply to 


Mr. N. T. Granlund, seventh floor 
(third office to the right), Loew's 
State Theater Building, Broadway 
and Forty-fifth street, New York 
City, U. S. A. 

Of course, we could go on writing these rules 
until the cows came home. What we really 
wanted to do was to show you that we are a 
big, bright-eyed boy, conscious of and alert to 
all of the sad httle mistakes that our large- 
minded impresarios are making. The chances 
are that we might be wrong, too, but if we are 
as wrong as our impresarios, we will, on 
Thursday morning, March 25, rain or shine, 
take a nose dive from the top of the Columbus 
statue at the Fifty-ninth street entrance to Cen- 
tral Park. 


* * * 


Dramatic Reading and 
Other Whatsis 


Mrs. GLoriA WATKINS JONES, patron of the 
arts, and wife of the wealthy local cigar manu- 
facturer was one of the first to discover radio as 
a means of lifting the literary tastes of the 
masses above the level of the confession maga- 
zines and the illustrated tabloids. Mrs. Jones 
is a big, indignant person when it comes to the 
subject of appreciating the greater things in 
literature and she recounts, with not a little 
feeling, the slovenly tendencies of the modern 
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reader who could easily be lead to believe that 
Uscar Wilde was a great ball pitcher of the 90's, 
that Newton invented the Fig-Newton or that 
Captain Dingle is the world's greatest writer of 
sea stories. 

Now Mrs. Jones can practice her sophistica- 
tionat her bridge parties with no objection on the 
part of this department but when some sup- 
posedly intelligent studio manager knowingly 
presents her with twenty minutes and one thou- 
sand watts of power something should be done 
about it. Permit any Mrs. Jones to heave in 
the throes of a recitation, wherein there is much 
tragedy and loads and loads of subtle literary 
perfection, and you commit one of the worst 
and most disgusting broadcasting crimes that 
can be committed in this or any other country. 
Here is one vote against dramatic reading on 


the air. 
3 3 * 


Negro Spirituals 


A LoT of broadcast singers have lately gone 
in for the moaning of negro spirituals, and it’s 
getting so that you cannot turn to the radio 
without hearing the white man’s version of the 
colored man’s prayer. There is nothing more 
easily overdone (that may not be strictly true, 
but lets assume that it is) than the sanctimo- 
nious wailing of darky hymns, and we must 
request that our studio managers consult this 
department before engaging any more quar- 
tettes all filled up with spirituals. By the time 
the second or third hymn is reached that 
gloomy, Alice-is-dead-in-the-next-room atmos- 
phere is created, and you feel like going right 
out to the corner drug store where they wrap 
it up to look like Jaundrv. 

* * * 


Some Extraordinary 


Announcements 


Eirner Mr. Phillips Carlin (one of the 
WEAF boys) is a very subtle humorist and a 
thirty-third-degree announcer or we are just 
plainly and hopelessly dull. Perhaps you have 
had better luck with Mr. Carlin, but it has 


en our experience to completely fumble the - 


meaning of nine of every ten announcements 
that this gentleman makes. It is more than 
rely possible that his reflections are a bit too 
esoteric for us but we are inclined to doubt 
this, for it was only the other day that our 
esearch Department handed us a report on 
arlin which seemed to indicate that his gen- 
cral registration record was low. 
€ copied a few of his announcements re- 
cently just for the purpose of examining them 
at our leisure, but so far all efforts at transla- 
tion have failed. Our Psychology Department 
olters a prize of two full United Cigar Store 
coupons to any reader discovering a meaning, 


wever vague, in the following Carlin an- 
houncements : 


EXHIBIT NO. 1 


“You are sitting all alone. The cat is asleep 
in front of the freplace and it is six O'clock 
in the morning. You hear a gay whistle and 
you run out to see who it is and it happens to 
be the ice man. ‘Lonesome.’ ” 


EXHIBIT NO. 2 


“Some say it was the joke you heard in your 
cradle, others the rattle. ‘Pal of My Cradle 


Days.’ ” 
EXHIBIT NO. 3 


“A pile of logs and stone. 
this a very hard number. 
stone indicate a home.” 


One could not truthfully say that Mr. Carlin 
is verbose, for it is evident that he has some 
definite thought in mind. He does not seem 
to be able to concoct a combination of words 
to convey that thought. It may be—and we 
just happened to think of this—that his thought 
is so weak that all of the words in the dic- 
tionary would not help it. 

* * * 


The Roxy Formula 


ALL oí our studio managers must have taken 
to their various cellars for the purpose of mut- 
tering to themselves on the day after Roxy’s 
return to the air. A special messenger, dust- 
covered and breathless, has just placed a com- 
munication from 195 Broadway on our desk 
which states that all WEAF mail records were 
broken on Saturday, October 31, 1925, the day 
after Roxy's broadcast. We also have it on 
mighty pood autkority that all Eastern stations 


The boys find 
A pile of logs and 


were broadcasting only to the immediate fami- 


lies of their performers on the night Roxy 
made his return to WEAR. 

- It has always puzzled us how Roxy's for- 
mula has so successfully kept all of our great 
studio managers baffled. Roxy is perhaps the 
easiest man in the world to follow because his 
methods are so simple. Of course, simplicity is 
a hard thing to fathom after all, and it would 
not be fair to be too harsh with the studio 
boys for their having permitted Roxy’s very 
simple tricks to elude them. 

If you've got any ear for music at all (we 
are quite sure that you have an ear for music, 
but we sometimes have our doubts about all the 
rest of the listeners in America) you know that 
Roxy does not go to the booking offices of the 
Sterling Vaudeville Circuit to tind his musical 
talent. Trick No. 1 is to get good performers. 
Trick No. 2 (and this ts simple) is that of 
maintaining variety by permitting his artists to 
sing or play but one or two numbers at a time. 

Now that Roxy is exposed, we shall expect 
all of our great studio managers to follow him. 
Not that we would for a single moment under- 
rate these hard-thinking fellows, but anvone 
wishing to place a little five to one bet on the 
outcome will please communicate with our third 
secretary, 627 West 43d strect, New York, N. Y. 


On page 98 of this issue a new department ts inaugurated under 
the direction of Mr. Lloyd Jacquet. 


BORATORY 


CONDUCTED BY LAURENCE M. CocKADAY 


Some Methods for Determining 
the Distributed Capacity 
of Coils 


BEFORE going into the methods of determin- 
ing the distributed capacity of coils it may be 
well to briefly outline the advantages to be 
derived from decreasing this capacity. 

This capacity arises from the existence of a 
series of nearly parallel wires in a coil. Any 
two adjacent wires are roughly analogous to 
two small plates of a condenser. No coil is, 
therefore, a pure inductance, but it may be 
considered a pure inductance with the summa- 
tion of all the inter-turn capacities as a shunt 
capacity. Most of this capacity is between two 
adjacent turns because the capacity from one 
turn to the second from it decreases at a rate 
proportional to the distance between them 
raised to a power greater than unity. That is, 


the capacity does not decrease directly as the | 


distance between the conductors is increased. 
as is the case in a condenser of the usual type 
where the stray field is negligible, but at a 
greater rate. 

The main objection to this capacity lies in 
the fact that this series of small con- 
densers is usually of a high-loss type. This is 
due to the fact that the wire insulation and 
some of the supporting material are in the 
electrostatic field and cause dielectric and re- 
sistance losses. Both of these decrease with 
increase in frequency, but when it 1s remem- 


bered that the power dissipation in a con-. 


denser increases directly with increase in fre- 
quency, the other factors remaining constant, 
it is evident they are still important. Other 
factors remaining constant (i.e. frequency, ca- 
pacity and power factor) the power loss is 
proportional to the square of the voltage, so 
this should be kept low. This can be best ac- 
complished by using a straight solenoid type 
of winding. In a coil. of this type it is evident 
that if there is a potential difference of X 
across the coil, the potential difference (voltage) 
between two successive turns is y where N 
is the number of turns. 

The distributed capacity can be decreased 
by slightly spacing the turns. The losses can 
be minimized by improving the dielectric in 
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the field, minimizing the amount of it and de- 
creasing conduction (decrease resistance) be- 
tween turns. Spacing the turns decreases the 
latter considerably. 

Variable condensers have been improved to 
the point where they have only one percent, or 
less, the resistance of the average coil. Work- 
ing on coils is, therefore, well worth while. 

To measure the distributed capacity of coils 
a variable standard of capacity and a wave- 
meter are necessary. For rough work a vari- 
able condenser of the General Radio type No. 
247 can be used. This should have a calibration 
curve. * 

For the man who dislikes mathematics the 
graphical method of determining distributed ca- 
pacity is best although this is less accurate than 
the other systems to be given. 


A=1.885 VL (CFC) 


Where A is wavelength in meters 

L the pure inductance of the circuit in micro- 
_ henries 

C the value of the shunt capacity used in 
micro-microfarads and 

Co the distributed capacity of the coil in 
micro-microfarads, 

Squaring both sides 


A? = 3.553 L (C + Co) (2) 


As L is constant the relation between X? 
and C is linear and the plot will be a straight 
line as shown in Figure 1. The slope of this 
line ( x in Figure 1) is equal to 3.553 times 
L where L is the inductance of the coil. The 
distance from the origin (the point marked O) 
to the point where the linear curve crosses the 
abscissa (Z in this case) determines the dis- 
tributed capatity. This follows from the fact 
that when À? is made equal to O in equation 
(2) C=- Co 

The value of the inductance can be deter- 
mined from this curve by dividing the slope of 
the curve by 3.553 or 


(1) 


Y 


L = 3353X 


(3) 


*See article by the author on page 386 of the 
October, 1925, issue of PoruLrar Rapio. 


IN THE EXPERIMENTER’S LABORATORY 


For X, or the value of capacity to be used 
choose some convenient value. In Figure 1 X 
is 100 or the difference between 280 and 180 
mmids. (micro-microfarads). The corre- 
sponding value of Y, which is the increase of 
X between these capacity values, is in this 
case 102,500 or substituting in (3) 


_ 103,000 _ 1030 


103,000 ee i 4 
556x100 ~ 3.56 = 289 micro-henries (4) 


The value of L is in micro-henries since this 
was the unit used in equation (1). In this 
case it should be noted that only three signiti- 
cant figures were used. Actually with a small 
chart of this size only the first two figures 
should be used in the computations since because 
of the size of the chart and the accuracy in 
measurement only the tirst two will be reliable. 

If in equation (1) C is very large as com- 
pared with Co the latter can be neglected for 
approximate determinations of L or A. If, 
for example, C is about 1,000 mmid. (.001 
mfd.) and the measurement of L is made for 
an average coil designed for broadcasting fre- 
quencies the error introduced by neglecting 

is only of the order of 2 percent, assuming 
the determination of A is accurate. If this 
is then used to determine Co, which is what we 
are primarily interested in, the value gotten will 
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be accurate within a fraction of a mmfd. which 
is ample. If then another determination of À 
is made (i.e. the resonant wavelength of the 
parallel resonant circuit composed of the ca- 
pacity C and the coil to be measured) at a 
low setting of C, C, then becomes a large per- 
centage of the total shunt capacity to L. Know- 
ing the approximate value of L and the value 
of C these can be substituted in (2) and the 
value of Co determined. 

The following procedure should be used to 
get Co. Connect the coil, the distributed ca- 
pacity of which is wanted, across the variable 
standard of capacity. Set this condenser at a 
high settim, giving a high value of capacity C. 
This shou be about 1,000 mmfd. The wave- 
length of „his circuit should then be deter- 
mined with a wavemeter.* A “set up” of this 
type is shown in Figure 2. The oscillator is 
shown at O, and C 1s the variable standard 
capacity. The coil is shown at L for which Co 
is wanted (it is placed on a small box shown 
in the foreground to shorten the leads to C) 
and W is the standard wavemeter. In this 
case the wavemeter had no resonance indicator 
in the circuit. The condenser C was set to a 


*See “An Oscillating Wavemeter,” by S. Gordon 
paan page 267, September, 1925, issue of PorpuLar 
ADIO. 
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MAIRO- MROFNADS 


THE GRAPHICAL METHOD OF DETERMINING DISTRIBUTED CAPACITY 


FIGURE l: 
the 


Several wavelength measurements of a coil and condenser circuit are made ana 
wavelength-squared plotted against the capacity at each point. 


It is shown that the dis- 


tance OZ represents the distributed capacity of the coil used. 
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From a photograph made for PopuLAR RADIO 


THE LABORATORY MEASUREMENT OF DISTRIBUTED CAPACITY 


FIGURE 2: 


The coil of which distributed capacity is to be measured is lettered L and its 


tuning condenser ts called C. The oscillator O supplies the radio-frequency current to the 
tuned circuit LC and a wavemeter W shows the wavelength of the radio-frequency current. 
Results of these measurements are plotted as the curve of Figure 1. 


high value. Then © was tuned until there 
was a sharp deflection in the plate current meter. 
The coupling between O and the circuit LC 
was decreased until the detlection was very 
sharp indicating the latter was in resonance 
with O. The standard wavemeter was then 
tuned until there was again a sharp deflection 
in the plate meter of O. The wavelength read- 
ing of W then gave the wavelength to which 
LC was tuned. Then Co was neglected and the 
readings of C, and A, were substituted in 
(5) giving L within 1 or 2 percent depending 
on the relative values of C and Co as gotten by 
subsequent calculations. The subscript 1 is 
used to indicate values of C and À for the 
first or high wavelength setting and the sub- 
script 2 for the second values of C and A 
taken at a low wavelength. 


`? 
L= _! _ _ 5 
3.553 Cı (5) 


where L is in micro-henries and C in micro- 
microfarads. 

Condenser C is then set at a low value (50 
mmfd. or less if C is accurately calibrated) 
which is called Ca. The wavelength reading 
of this setting is called)». These values are 


substituted in (6) which gives the distributed 
capacity Co in micro-microfarads. 


A — 3.553 L C: ihi 


Co = 
3.553 L 

If X can be measured accurately and a more 
precise value of Co is wanted L should be 
gotten by substituting C., gotten by direct read- 
ing, and Co, from (6) in equation (2) and 
solving for L. This more precise value o! 
L can then be substituted in (6). In the com- 
putations given more significant figures have 
been used than the theory of precision would 
warrant, but this has been done to provide an 
equation which is more valuable for accurate 
determinations. An equation can easily be 
worked out which will give Co directly in one 
operation but this involves involution, or the 
extraction of roots, and is therefore somewhat 
more involved. , 
If the experimenter is interested only 1n 
the value of Co the so-called “harmonic” method 
of determining it can be used. In this system 
intregal multiples of some given frequency are 
used. These can most easily be obtained by 
using some harmonic, say the second, of the 
oscillator. The value of the resonant fre- 
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quency will vary inversely as the square root 
of the capacity since the inductance is constant. 
Hence the value of C plus Co (the total ca- 
pacity in shunt to the theoretically pure in- 
ductance L) will be one-quarter of that used 
for the fundamental when the second harmonic 
(or double the frequency) is used. Or mathe- 
matically 


(Ce + Co) = 4 (Cat + Co) (7) 


where Cr is the value of the variable standard 
at the fundamental, Ct is the setting of the 
standard for resonance at the second harmonic 
frequency and C, is the distributed capacity 


as before. Solving for Co we get 
Q= Semt Ca (8) 


where Co is given in the same units that are 
used for Cr and Cor. 

Since the resonance point for the second 
harmonic is somewhat difficult to determine, 
particularly with a low-power oscillator, the 
oscillator frequency can be doubled by adjust- 
ment and the values of Cr and Cor deter- 
mined. This increases the possibility of error 
but makes computations simpler and is accurate 
enough for all ordinary work. 

To facilitate this and numerous other meas- 
urements the experimenter’s wavemeter should 
have both a wavelength and frequency calibra- 
tion chart. The latter can be made by taking 
enough values of A from the present curve 
and obtaining their frequency equivalents to 
plot a new curve. The relation is expressed 
in (9) where f is expressed in xK.c. (kilo- 
cycles) 


_ 300,000 
Pee Ba (9) 


—Hucu S. KNowLES 


How to Simplify Connections 


A Hanpy and useful accessory has recently 
been placed on the market by a number of 
manufacturers; it consists of a battery cable 
which usually comprises five leads of dif- 
ferent colors bound into a single cable. The 
colored leads make it easy to tell which 
should be used for the “A” battery positive 
and negative wires and the “B” battery posi- 
tive and negative wires. 

The use of such cable will go a long way 
to eliminate mistakes in connecting up as well 
as making a much neater job in hooking up 
to the battery. 

The antenna wire should never be con- 
nected in the same cable as the battery wires, 
however, as this would make too high a 
capacity between the antenna and ground 
parts of the circuit with a corresponding loss 
in signal stréngth 


A Milliammeter as an Aid in 
Preserving Batteries 


Ir the experimenter will connect a milli- 
ammeter in series with his “B” batteries he 
will be able to tell just what plate current 
his set is drawing and by the use of “C” bat- 
teries he can reduce the total current neces- 
Sary to operate the receiver to a low value 
that will permit of great saving in the life of 
the “B” battery. 

Every experimenter should own a milli- 
ammeter for direct current with a scale 
reading of zero to 25 milliamperes that will 
take care of nearly all types of receiver. 


Making the Tuned-radio-fre- 
quency Receiver More Selective 


In some locations close to broadcasting sta- 
tions, the ordinary tuned-radio-frequency set 
that employs two stages of radio-frequency 
amplification, vacuum-tube detector and two 
stages of audio-frequency amplification some- 
times will not give tuning sharp enough, with 
the ordinary 100 to 150 foot outdoor antenna, 
to enable the user to choose between the local 
stations or to receive distance while the local 
stations are on the air. To eliminate this 
trouble it is suggested that the antenna be 
cut down to about 50 feet in length. This 
will enable much sharper. tuning and although 
it may cut down the volume of signals from | 
the distant stations somewhat, it will enable 
them to be received without interference from 
the locals. 


The Old Reliable Single-layer 
Solenoid Coil 


RECENT investigations have proven the single- 
layer coils to be the best type that has yet been 
developed. The considerations of length over 
diameter should be very carefully gone into. 

To get the maximum inductances in a single- 
layer coil the limits should be kept somewhere 
about an equal value for the length and di- 
ameter. 

Coils in other shapes than cylindrical all will 
need a longer length of wire for a given in- 
ductance and therefore the ratio of inductance to 
resistance will be smaller with a corresponding 
reduction in the overall efficiency of the coils. 

The distributed capacity can be considerably 
lowered by spacing the turns slightly on the 
tube upon which the coil is to be wound. 

Sizes of wire should lie between No. 18 and 
No. 30 inclusive, to hold the resistance at radio- 
frequencies used in broadcasting and other 
short-wave work, down to a low value. There 
is not much difference between any of these 
sizes. 

The coils may be wound with either double 
silk covered copper wire or with copper wire 
with one layer of cotton and one layer of silk. 
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Pure DC Power Supply for a 
Five-watt Transmitter 


Too many amateur transmitting stations 
in operation today have an alternating cur- 
rent note that produces considerable inter- 
ference. It is true that many of these 
have rectifiers and filters in the power sup- 
ply circuit, but still the signals transmitted 
carry the unmistakable hum of an AC 
modulation. Probably not more than ten or 
fifteen percent of the amateur stations have 
a really pure, steady DC output, in spite of 
the fact that the great majority of owners have 
gone to the trouble and expense of equipping 
their stations with rectifiers and filters. In 
many of these cases the rectifier is not func- 
tioning properly, although, of course, there are 
numerous cases where the filter does not have 
sufficient inductance, or capacity. 

Many amateurs blame their trouble on the 
use of short waves, claiming that it is impos- 
sible to obtain a good DC note on short wave- 
lengths. Others are laboring under the im- 
pression that a pure DC note is so sharp in 
tuning that slight swinging or unsteadiness 
makes it unreadable. 

The tone quality of the note is not in itself 
important, but when the air is full of static 
there is no question but that the high “birdie” 
note of DC gets out at distances that cannot 
be approached by AC or poor DC notes. 

In tests made at one of PopuLar Rapio’s 
experimental stations it has been proved con- 
clusively that a pure DC note is easily ob- 
tainable; that it can be made steady so that its 
sharp tuning qualities are not a drawback, and 
that it is more easily read through static or 
other interference. Following is the equip- 
ment used for supplying the pure DC to the 
transmitter, using the 110-volt AC house light- 
ing line as the source of power. 

The power-supply equipment to be described 
is for use with a transmitter using a single 5 or 
7'A-watt tube. When larger tubes are used 
the only change required is to provide suitable 
equipment to supply the higher voltage re- 
quired and to increase the number of rectiher 
jars. The reader may easily make these adapta- 
tions himself. 


Parts for Power Supply Unit for 
live-watt Transmitter 

1 Dongan type O1, 200-watt power trans- 
former, voltage output 550 each side of 
center tap; 

1 Dongan type D7, 80-watt filament supply 
transformer, voltage output 8, with center 
tap; 

1 Acme 30 henry choke, 0.15 ampere current 
carrying capacity : 

2 National Condenser Co.’s paper condensers, 
2 mfd. capacity, tested for 1,000 volts; 

1 Chemical rectifier (See below for con- 
structional data): 

1 Double pole, single throw snap switch, 110- 
volt; 

1 Allen-Bradłev Radiostat (For use with 
VT-2, UV-202 or C-302 tubes; not needed 
with the new UX-210 tube). 


The Rectiher 


In making up a rectifier for use with an ama- 
teur transmitting set the usual practice is to 
use a miscellaneous collection of jelly glasses 
for the jars, and strip lead and aluminum ior 
the metallic elements. There is no question 
but that such a combination will work—prob- 
ably as well as any other materials—but at best 
such a rectifier is an unsightly mess. A recti- 
fer which is much more pleasing in appearance 
and which does not become crusted all over 
with crystallized solution can be made as easily, 
and with little more expense. It is such a recti- 
fier that is to be described here. 

The parts needed are: 

24 half pint “salt mouth” bottles, and cork 
stoppers to fit. See Figure 3 for dimen- 
sions ; 

9 feet of aluminum rod, 5/16 inch in di- 
ameter ; 

9 feet of lead rod, 5/16 inch in diameter; 

2 feet of glass tubing, 14 inch in diameter; 

48 round head brass 6-32 machine screws, 
Y% inch long: 

1 package “20 Mule Team” borax; 

l can Ive; 

6 quarts distilled water. 

Before starting with a description of the con- 
structional details, a word of warning should be 
given regarding the metals used. It is essential 
that both the lead and the aluminum be chemi- 
cally pure. It is wise to purchase the metal 
rods from a chemical supply house, because they 
usually carry only the purest of metals. It is 
also necessary to exercise the utmost care in 
cleaning the metals and in absolute cleanliness. 
Use distilled water, which can be purchased 
from the druggist, or from a storage battery 
service station. 

The first operation in the construction of 
the rectifier is to cut the lead and aluminum 
rods into 44-inch lengths, making twenty-four 
lengths of each. Two holes should be drilled 
in each of these lengths, one down from the top 
which should be threaded to accommodate the 
6-32 screws, and the other at right angles to 
the first but not threaded as it is used only to 
slip the connecting wires through. See Figure 
3 for the necessary dimensions and the posi- 
tion of the holes. 

Set the metal elements aside for the time 
being. Then prepare the cork stoppers as shown 
in Figure 3. Three holes are drilled in each. 
the outer holes tor the metal rods and the 
center hole for a one-inch piece of the glass 
tubing. This latter serves as a vent pipe an“ 
also permits the addition of distilled water from 
time to time to make up for evaporation. To 
cut the glass tubing into l-inch lengths a 
three-cornered file is used. File a small niche 
in the glass at every inch and then break the 
tubing at these points with the fingers. It will 
be found that the break will be clean cut and 
square. 

The solution may now be prepared, or, it 
may be advisable to prepare the solution before 
the work described above is done, because the 
solution must settle for about twenty-four 


hours bejore tt can be poured into the rectifier 
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THE FINISHED RECTIFIER JAR 


FIGURE 3: All the necessary dimensions are given here for the assembly of a rectifier jar. 
Complete constructional data are given in the accompanying text. 


jars. The vessel used for mixing the solution 
may be an earthenware crock or an enamel 
pot. In making the solution for the model 
rectifier constructed in the laboratory two glass 
bottles, each of a gallon capacity, were used. 
These are convenient because the bottles can be 
picked up bodily and shaken, thus mixing the 
solution thoroughly, and can be corked up while 
the solution is settling, thus keeping the dust 
out. 

The solution used is made up of six quarts 
of distilled water and the entire package of 
borax. If the water is heated in a clean vessel 
before adding the borax it will be found that 
the borax will dissolve more rapidly. How- 
ever, it is not necessary to heat the water. 
Mix the solution thoroughly until all of the 
borax has dissolved (if the water is hot) or un- 
til no more will dissolve. Then set the solution 
aside for twenty-four hours, during which time 
the excess borax will settle to the bottom, or 
crystallize on the bottom and sides of the vessel. 
It is only the clear liquid that is used in the 
rectifier, so in dipping or pouring the solution 
from the vessel try not to disturb the settlings. 
Do not become impatient and use the solution 
in less than twenty-four hours, because this will 
result in a creeping crystal formation in the 


rectifier jars which is decidedly messy and un- 
attractive in appearance. 

Now comes the cleaning process. The jars 
and corks should be washed in warm water with 
soap, then thoroughly rinsed in clean cold 
water. Then they may be set aside. 

The cleaning of the metal elements is per- 
haps the most important job of all. In an 
earthenware, china, glass or enamel vessel, 
mix one-quarter of a can of lye in about two 
quarts of boiling water. Do not use a metal 
pot for this purpose and do not use enamel- 
ware if the enamel is chipped. Also be very 
careful not to get any of the lye solution on 
the clothes or hands, as it will eat almost any- 
thins it comes in contact with. Treat it with 
as much respect as you would a powerful acid. 
Do not use it indoors if this can be avoided, 
as there are some fumes from the mixture 
which are unpleasant to breathe and will tarnish 
silver and other metals which may be in the 

Clean the metal elements one at a time, finish- 
ing all the aluminum pieces before starting 
with the lead. Hook a wire through the hole 
‘n one end of an aluminum element and lay 
it in the lye solution until it froths violently. 
Then remove it and rinse in cold running water. 
Rinse it thoroughly, and lay it out on a clean 
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piece of cloth or paper. It is important not 
to let the cleaned aluminum come in contact 
with the hands or anything which will permit 
it to collect grease or dirt. When the aluminum 
has been cleaned with lye it should be a light 
silver color, almost white. If it is not, it is 
an indication that the aluminum is not pure and 
is unfit for use in a rectifier. 

Next clean the lead elements in the same 
way, using the same solution. The lead will 
not froth as did the aluminum. There will be 
no visible indication of the cleaning process on 
the lead. Simply let each piece rest in the 
solution for about twenty seconds: then remove, 
wash and lay out on paper as with the alumi- 
num. Do not let the lead come in contact with 
the aluminum, however. 

Everything is now ready for assembly of 
the jars. To insert the elements in the corks, 
wrap a piece of clean paper around the lower 
end of the element to protect it from the fin- 
gers and force the top end through one of 
the holes in the cork. An aluminum element 
goes in one outside hole and a lead element in 
the other. The glass tube is placed in the 
middle hole, as explained above. When the 
two elements and glass tube have been placed 
in the cork the whole cork is inserted in the 
neck of one of the bottles, which has been filled 
almost to the neck with the borax solution. 
The jar is then completed and should look as 
shown in Figure 3. The lower ends of the 
metal elements should be at least 44-inch from 
the bottom of the bottles. i 

When the twenty-four rectifier jars have been 
completed thus far, they must he formed. This 
is most conveniently accomplished by simply 
connecting them up in the circuit in which they 
are to be used, as shown in Figure 4. 
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When the alternating current input to the 
transformer is turned on with the rectifier con- 
nected eacross the transformer secondary, there 
will be a momentary rush of current through 
the rectifier circuit. This current will be re- 
duced to practically zero within a few sec- 
onds, however; an indication that the rectifier 
is starting to form. 

It is well to leave the rectifier connected in 
this way for a few hours, as an aid to the form- 
ing process. Then it may be connected up to 
the transmitter. The forming process will con- 
tinue in the ordinary operation of the trans- 
mitter thereafter. 

It may be found that one or perhaps more of 
the rectifier jars does not function as it 
should. One test for this is to measure the 
voltage drop across each jar with an ordinary 
DC voltmeter. Measure one cell at a time. 
If any of them show no voltage they are de- 
fective and should be removed from the cir- 
cuit. It will be found that the voltage across 
some jars may be only half that across others, 
but these may be left in the circuit. Any that 
are lower than half the voltage of the highest 
should be removed. These may either be made 
over with new solution and new aluminum 
electrodes, or they may be left out entirely, as 
eighteen or twenty jars are sufficient where 
the transformer voltage rating is between 500 
and 600 on each side of the center tap. 

The above description covers a rectifier suit- 
able for an input of 600 volts to each half of 
the rectifier. For use with a transformer hav- 
ing an output of 1,000 to 1,200 volts each side 
of the center tap a minimum of thirty-six recti- 
fer jars should be used, eighteen in each half. 
In any case it is well to make up a few extra 
jars so that defective ones may be weeded out 
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THE DIAGRAM OF THE POWER SUPPLY UNITS 


FIGURE 4: 


The transformers, rectifier and filter are required to furnish a pure DC input 


to. the transmitter, where the alternating current house lighting lines are used as the source of 


power. 


In “forming” the rectifier jars this circuit may be used without connecting the filter 


output terminals to the transmitter, or “forming” may be accomplished with the output con- 


nected to the transmitter. 


In the rectifier portion of the diagram only eight jars are shown. 


This, of course, 1s not the number actually used. 
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and still leave enough good ones. This is sug- 
gested because when new jars are added to 
old ones difficulty is frequently encountered 
in getting the new ones to form properly. 


The Filter 


After the alternating current of the trans- 
former output has been rectified it is unidirec- 
tional, but nevertheless will not result in a DC 
transmitted note. This is due to the fact that 
the DC is pulsating at a 60-cycle frequency. 
By means of a suitable choke coil in combination 
with large fixed condensers the pulsations can 
be smoothed out to such an extent as to pro- 
duce a pure DC note. Figure 4 shows the 
connections for a suitable filter, as the con- 
denser-choke combination is called. 

The condensers used may each be of two 
microfarads capacity, capable of withstanding 
the voltage used. With the above rectifier and 
a 600-volt output transformer, for instance, 
the condensers used are rated at 1,000-volt 
breakdown. The choke coil used is one with 
an inductance of 30 henries. Smaller chokes 
may be used, but the larger choke has proven 
more effective in reducing the hum. To obtain 
a pure DC note with a choke of small in- 
ductance it is necessary to make use of a 
larger capacity condenser than used with a 
large choke so the cost of parts is approxi- 
mately the same either way. 


The Filament Supply 


It is a common and advisable practice to 
operate the filament of the transmitting tubes 
from the AC house line, with the voltage 
stepped down by means of a suitable trans- 
former. It is evident, however, that the grid 
and plate returns to filament will not be con- 
stantly either positive or negative in such a case 
because the ends of the filament change po- 
larity 120 times per second, in the case of 60- 
cycle current. Naturally this results in fluc- 
tuations of grid potential, with corresponding 
fluctuations in the plate current. This condi- 
tion is partially gotten around by using a fila- 
ment step-down transformer which has a center 
tap in the secondary winding. The outside con- 
nections of the secondary winding then supply 
the filament, while the grid and plate returns are 
connected to the center tap, thus maintaining 
them at constant zero potential. 

In addition to the use of the center-tapped 
transformer, it is important that bypass con- 
densers be connected across from the center tap 
to each end of the filament to bypass the 
radio-frequency currents around the trans- 
former winding. Even with an efficient recti- 
fer and filter, the failure to use a center- 
tapped transformer and bypass condensers in the 
filament circuit may result in an AC note 
largely nullifying the work accomplished by 
the rectifier and filter. 

Some means must also be provided for con- 
trolling the filament voltage. Entirely too often 
this is accomplished by inserting a rheostat in 
series with one side of the filament. This prac- 
tice accomplishes its object, but in doing so has 
the effect of throwing the filament center tap 
off center. The filament voltage should be con- 


A 
N 


THE SYNCRODENSER 


FIGURE 1: The arrow shows the direction of rota- 
tion of the rotor lo give a straight-line-frequency 
curve. It must be moved in this direction to 
balance the two condensers for single control. 


trolled by means of a rheostat inserted in series 
with the primary of the filament transformer. 
The ordinary rheostat will, of course, not 
be suitable for this purpose. Special primary 
circuit rheostats are on the market, however, 
made by the Allen-Bradley company. There 
is their E-210 model for use only with 5-watt 
tubes, and their “Radiostat” for use with both 
5-watt and higher power tubes. With an 8-volt 
80-watt filament transformer a rheostat is not 
needed if the UX-210 power tube is used. 

The use of a single transformer for supplying 
both plate and filament is not recommended. 
Such a transformer has a single primary and 
two secondaries, one for the high voltage plate 
supply and the other for the low filament volt- 
age. It is therefore obvious that any resistance 
connected in the primary circuit to cut down 
filament voltage will also cut down the plate 
voltage correspondingly. 


Balancing the Single-control 
Superheterodyne 


A NUMBER of inquiries have been received as 
to the best method of balancing the two vari- 
able condensers which are operated in this re- 
ceiver (described in the October, 1925, issue 
of PoputarR Rapto) by a single dial. 

To proceed with the balancing operation, first 
loosen the set screws in the collar that con- 
nects the two condenser shafts so that the 
rotors may be moved independently. 
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Then attach a small dial to the shaft of the 
rear condenser. 

Next set the small vernier condenser so that 
its rotor plates are avout one-third meshed. 

Now tune in a broadcasting station the same 
way as with any two-control superheterodyne. 
It will be noted that when the loop is tuned 
to the incoming signal it will be possible to 
hear the station at two different settings of the 
oscillater condenser (rear). The lower of these 
two points is the one thgt should be used. 

When the station has been tuned in with 
maximum signal strength, tighten the set screws 
in the connecting collar and the receiver will be 
ready for operation with the single control. 

It is advisable to balance the condensers on a 
low-wave station. A good check may then be 
obtained by tuning in another station at the 
other end of the scale. If this is found possible 
(it will probably be necessary to adjust the 
vernier condenser slightly) the receiver is prop- 
erly balanced. 

If, however, it is found that stations at the 
other end of the waveband cannot be tuned in 
properly, even with the use of the vernier con- 
denser, try rebalancing the condensers with a 
medium wave station, say around 380 meters. 
The leeway allowed in the capacity of the ver- 
nier condenser should be sufficient then to 
permit tuning in high or low wave stations. 

When it is necessary to use the vernier con- 
denser to tune in a station with maximum vol- 
ume the main tuning dial should be readjusted 
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after each movement of the vernier condenser. 

As in the case or all condensers, zero set- 
ting is obtained in those ot the straignht-line- 
trequency type when the plates are unmeshed. 
With the condensers specified for use in this 
superheterodyne receiver, however, capacity 
should be increased by turning the rotor in a 
clockwise direction, as shown in Figure 1. 
Never turn the rotor in an anti-clockwise di- 
rection from the zero point when using these 
particular condensers because then it will be 
found that the low-wave stations all fall within 
a very small band on the dial scale. If operated 
properly, that is, in a clockwise direction, it will 
be found that the low-wave stations spread out 
over a goodly portion of the dial scale. This 
is simply another way of saying that the 


_ straight-line-frequency effect is obtained only 


when capacity 1s increased by turning the rotors 
in a clockwise direction. 

It is also essential in balancing the condensers 
that both be turned somewhat clockwise from 
the zero point. Unless the rotors are both 
meshed on the same side of the condensers, the 
capacity of one condenser will be increased 
while that of the other is decreased, after the 
two have been coupled together to be operated 
by the single dial. In that case, of course, the 
condensers will not be balanced on any waye- 
length except the one on which the balancing 
process was carried out. 


—S. Gorpon TAYLOR 


“WITH MUSIC BY THE HOTEL SAVOY ORCHESTRA” 
By the simple but ingenious idea of installing a receiving set on his coffee stand, 
this humble restaurateur furnishes his guests with the same music as ds enjoyed by 
: the patrons of London's swagger hostelry. 
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CONDUCTED BY J. ANDREW WHITE 


in this department the Dean of Broadcasters—whose voice is known to millions of broadcast 
listeners—records items of interest and value to all radio fans everywhere. 


Will Wavebands Supplant 
Street Bands? 


Ir appears that the thrill that comes once in 
a lifetime to the small boy is to become even 
more rare in occurrence, with the possibility 
in sight that the brass bands which have since 
time immemorial headed street parades are to 
disappear from the leading position of these 
processions. Such a fell blow at tradition 
landed in Chicago recently, it is reported, when 
KYW transmitted band music so successfully to 
the open air parade which opened the 1925 
National Radio Exposition that the marchers 
completed their procession along Michigan Ave- 
nue to the home grounds without the aid of the 
customary marching musicians. The parade 
carried with it a number of radio receivers and 
powerful amplitiers which supplied the full vol- 
ume of brass so clearly that another pioneering 
achievement in a new field for radio was voted 


a complete success. 
* * x 


A Princely Tribute to a 
Radioman 


Ix the reports of the rousing welcome which 
was extended to the Prince of Wales when he 
arrived home after his 25,000 mile voyage to 
South Africa and South America, considerable 
space was devoted to the manner in which the 
heir to the British throne recognized per- 
sonal services of the officers and others in the 
official party and the distribution of numerous 
gifts and souvenirs. Yet that which was prob- 
ably the most considerate act of all received 
scarcely any notice. It was the speeding up 
of the battle cruiser Repulse so that she would 
arrive at Spithead earlier than originally in- 
tended, in order that a young radio operator 
on board the vessel would be enabled to attend 
the funeral of his father, who died at London 
several days before the returning voyagers were 


due home. The operator was the son of Fred 
Bramley, Secretary General of the Council of 


the Trade Union Congress. 
* x * 


“Rag Chewing’’—by Radio 


Tue ability to carry on a successful half- 
hour's conversation appears to be the sole re- 
quirement for membership in the novel organi- 
zation known as the “Rag Chewer’s Club,” but 
when it is added that this must be accomplished 
by radio and the friendly confab over the ether 
waves directed to and maintained with one who 
is already a qualitied member, then it is under- 
stood why those who have accomplished the 
feat compose an honorary group of the mem- 
bership of the American Radio Relay League. 
The unique fraternity of amateur radio men 
has already enrolled several thousand enthusi- 
asts in the few months of its existence, and the 
roster shows that there are friendly conver- 
Sationalists of the requisite ability in every 
state in the Union, in every province in Canada, 
and that six countries in Europe and Asia are 


represented. 
* + * 


Heat, Light and Power 
via the Ether? 


CoINCIDENT with the announcement of the 
amateur half-hour air talkers organizing them- 
selves, comes word from London that science 
is scheduled so to improve things that the very 
foundation of this particular organization is 
threatened. That is, if we are to take seriously 
the prediction of Professor A. M. Low, who is 
quoted in the dailv press as saying: “The de- 
mand for speed and yet more speed will shorten 
business conversations to a matter of seconds 
or fractions of seconds. <A few rapid facial 
expressions and some thought waves will serve 
the purpose of the present day thirtv-minute 
conversation.” 
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Professor Low predicts-a lot of other things, 
including the transmission ‘of power .by radio, 
because radio waves and light waves are the 
same; it is only a question of the length of the 
wave. It is confidently to be expected therefore 
that some day scientists will shorten the radio 
wave to the length of light waves, and then 
we will have radio light. And since heat is 
also a type of wavelength, he sees nothing im- 
probable in science converting the heat at the 
Equator into radio waves and broadcasting 
them to the poles, where, of course, the process 
would be reversed with reconversion into heat 
waves. He concludes that this power “will be 
free like water.”.. i 

All of which was current and snappy conver- 
sation when I entered the radio feld more than 
tfteen years ago—that is, all except the part 
which predicts the furnishing of power free. 
That is new, so the item stands. 


How Broadcasting Settles the 
Labor Problem in Veneżuela 


A story worthy of an O. Henry setting is 
contained somewhere within the dispatch from 
Venezuela, that the Government has tempo- 
rarily banned radio receiving sets because they 
keep people there from working. It appears 
that Venezuela has a large number of listeners, 
considering its population, and many of them 
give up their afternoons to enjoyment of broad- 
casting instead of going back to work after 
lunch. An official ban was put on afternoon 
programs, therefore, several months ago, but 
operators on ships entering Venezuelan harbors 
and in private broadcasting stations in the oil 
belt, over whom the Government had no con- 
trol, continued to send out daytime programs 
and to cope with the situation the Government 
was forced to the expedient of barring the im- 
portation of receiving sets. This has resulted 


in a marked increase of popularity of the own- 
ers of sets which reached the interior before 
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the ban went into effect, and even the smallest 
Venezuelan villages, it is said, have community 
listening-in parties. 
* 


The Effect of Radio on Home Life 


In a conference on modern parenthood held 
under the auspices of the Child Study Associa- 
tion of America at New York, radio was held 
to be an unmixed blessing to family life, though 
the automobile and the motion picture were 
thought to be disturbers of hearthside unity. 
This viewpoint was presented by Dr. John M. 
Cooper, aSsociate professor of sociology at the 
Catholic University, Washington, D. C., whose 
subject was the effect of machine made recrea- 
tion on family life. The topic followed a 
lengthy discussion of whether religion tended 
to unite or separate family groups into factions 
because of the serious problem’ presented to 
many- conscientious parents, who, themselves 
subscribing to-no given faith, yet felt that their 
children shoutd receive religious training. 


Bangkok Takes to the Air 


BANGKOK is now broadcasting. The first 
important program in Siam, it is reported, was 
arranged by the Signal Corps of the army, 
with the assistance of the cavalry band, the 
musical selections and some news items pro- 
vided by the local newspaper being received 
at five installations located at Hua Hin, Ayud- 
huz, Korat and at two of the official palaces. 
Satisfactory reception continued throughout the 
three hours scheduled for the Program. 


A “Minister of Communications” 


Cuga may be establishing a precedent that 
the United States may follow in unifying its 
communication activities under one head. . The 
Cuban Director of Telegraphs appears to be 


FIFTY-FIVE WORDS A MINUTE WINS THE CONTEST FOR CODE RECEPTION 
Fifty-five words a minute were received and recorded without an error by Joseph Chaplin in 


winning a contest in which speed and accuracy were the two essentials. 


The winner is the 


smiling operator seated third from the left. 
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THE FIRST RADIOPHONE BOOTH ON AN OCEAN LINER , 
Telephone booths from which the lpia can ring up and converse with shore stations or 


other ships within a few hundre 
ocean liner Berlin. 


miles radius, have been installed for the first time on the 
The phone is connected directly with the ship's radio room where all 


the transmitting and receiving apparatus ts located. 


the administrative head of radio activities, in 
the new order which has created a department 
to handle matters pertaining to radio, teleg- 
raphy, posts, railway, ship and air lines. The 
10vernment of Cuba, a member of the interna- 
tional convention, controls eight commercial 
stations and all radio except broadcasting, which 
ing operated for entertainment and not for 
gan, is permitted to be carried on in private 
hands. 
operation: among the larger is that owned by 
the telephone company, PWX. Another is 
operated by the tobacco monopoly. Only ten 
of the broadcasters operate with one kilowatt 
ar more power incidentally, although Cuban call 
letters are familiar to American fans all over 


the country. 
* * 


Cash Prizes for Radio Fans 


A PRIZE of fifty dollars has been awarded to 


Thirty-six broadcasting stations are in — 


a Canadian amateur as the first recognition of 
a suggested improvement in the reception of pic- 
tures by radio. G. J. Shadick, of Regina, Sas- 
katchewan, was the radio enthusiast to win 
the first award, his recommendation being to 
use a blank sheet of paper on the recording or 
receiving cylinder of the radio apparatus, 
around which he proposed to wrap a sheet of 
ordinary carbon paper, the movements of a 
metal stylus over this sheet of carbon paper 
reproducing the writing or drawing transmitted 
from the sending set. The plan is an obvious 
improvement on the pen and ink method now 
in use. Two additional awards are to be made 
prblic later by C. Francis Jenkins, the Wash- 
ington inventor. who has announced that prizes 
aggregating $175.00 every two months will be 
presented to fans who offer practical sugges- 
tions which can be adopted for improving the 
Jenkins method of transmitting pictures by 
radio. 
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Fanatical Censors Now Seek to 
Ban “Indecent” Music 


ALMOST any radio fan will agree that there 
is a lot of “crazy” music on the air these nights, 
but few would undertake to say that any of it 
is “indecent.” The problem of determining that 
very difficult difference, however, came up re- 
cently in the capitol city of our fair land, when 
from a musty file of police regulations some 
one dug up an order forbidding “indecent 
music” and put it up to the Washington guardi- 
ans of law and order to enforce the official 
“don’t”—if they can agree on what it pro- 
hibits. The difficulty seems to rest with de- 
ciding whether swaying intonations are to be 
blamed for men forgetting home and babies, 
temporarily, or whether the important thing is 
that the tom-tommy sort of Oriental music 
should be contined to its point of origin, some- 
where in the deserts, where, as one of the 
policewomen said, “the desert natives have self- 
respect enough to dance by themselves.” At 
last reports the authorities were wide apart in 


defining a standard. 
* * * 


Will Radio “Standardize” 
Our Speechr 


BROADCASTING is suggested as one means 
of standardizing speech by none other than 
Poet Laureate Bridges, in a tract of the So- 
ciety for Pure English. That seems to be a 
good thought, so far as it goes, for radio may 
well be called a monitor of enunciation. But 
pronunciation—that is quite another thing. 
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Standardization there looks impossible. We 
all have individualisms of pronunciation, and 
that seems to be a good thing. After all, 
whether we agree or disagree with the way the 
other fellow says it, what does it matter? 
Houston in Texas and the street of the same 
name in New York sound entirely different 
when spoken by natives of the two cities, and 
Greenwich and Haverhill and Los Angeles are 
others it is immediately apparent it would be 
hard to get together on. Personally, it is 
rather a pleasant shock to me to hear someone 
on the air who happens to live in another part 
ot the country pronounce a name a little dif- 
ferently from the way I do. I figure that he 
is right, and so am J, for that matter; we both 
understand each other, anyhow, and, after all, 
that is all that matters. 
* * * 


96 Hours of Continuous 
Listening In 


ENTHUSIASTIC fans have made all manner 
of boastful claims as to the number of continu- 
ous listening hours they have put in at a radio 
receiver, but the most ardent dial manipulator 
will certainly have to sing low in the face of 
the claim of Mike Newman, veteran showman, 
who recently drove from Los Angeles in the 
interests of a movie film and announced on his 
arrival that there was no such thing as “silent 
hour” on the trip across country with a radio 
receiver mounted back of the driver’s head 
going practically all the -ninety-six hours and 
fifteen minutes running time required to travel 
3,370 miles of the journey. 
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A SHORT-WAVE TRANSMITTER THAT HAS COVERED OVER 5,400 MILES 

Communication in daytime with a Rio-de-Janeiro amateur, M. Fresin, is the accomplish- 

ment of this English amateur, Herbert Hiley (G.21.H.) of Keighly, Yorkshire, England. 

The transmission was made with a Hartley loose-coupled circuit on a wavelength of 42 meters 
with 15 watts on the aerial. 
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CHIMES THAT PEAL ACROSS A CONTINENT 
By the simple expedient of bringing the microphone into the belfry of the Park Avenue 
Baptist Church in New York, the mustc of the famous carillon presented by John D. Rocke- 
eller ts now broadcast as a regular feature from Station WJZ. 


Only One State Without a Station 


Nevapa is the only state in the Union which 
now has no broadcasting station. Wyoming was 
out, but the licensing of the new station, KFBU, 
at Laramie, brings the state of large plains back 
to the fold. 

* * * 


The World Buys American 
Radio Apparatus 


TWENTY-NINE countries of the world are now 
importing American radio equipment, and the 
estimated total for the year has been set at 
$8,334,000, a new record. In the first eight 
months of 1925, the orders ran nearly three 
million dollars more than for the same period 
last year, with the indications pointing to Japan 

oming our largest customer, with Canada 
and Great Britain respectively second and third. 


* * * 


An Amateur Radio Net to Cover 
the Country 


AN amateur radio network covering practi- 
cally the entire nation is being prepared by the 
Signal Corps with a view to securing the aid of 
some 3,000 amateurs for the establishment of 
additional communication channels which could 
be used in national emergencies and for the 
communication of the national guard and the 
reserve and civil units of the army. Those who 


would like to enroll in this new auxiliary serv- 
ice are invited to get in touch with the Corps 
Signal Officer of their own area, Corps 
headquarters being located in Boston, New 
York, Baltimore, Atlanta, Columbus, Chicago, 
Omaha, San Antonio and Presidio; Cal. 


* * * 


16 Percent of American Homes 
Have Radio 


One of the latest estimates of the extent of 
radio is that there are approximately sixteen 
receiving sets to every one hundred American 
homes, compared with fifty-two automobiles 
and thirty-six talking machines. Figuring on 
that basis the conclusion is reached that seven 
years more will be required for the number of 
radio sets to pass the number of phonographs. 


* x * 


All Wavelength Limitations Are 
Off—in Esthonia 


ALL wavelength limitations in broadcasting 
have been removed in Esthonia, a matter which 
will be of some interest to designers of radio 
receiving equipment who have been handi- 
capped in building sets for foreign markets 
which, as in the case of Esthonia, have up to 
now so restricted the operable band of wave- 
lengths that the ordinary type of broadcast re- 
ceiver could not be used. 
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Hotel Has Radio Rental Service 


A RADIO service for guests has been started 
at one of New York's leading hotels. A six- 
tube portable receiver is placed in one’s room 
on a reasonable renting basis. The sets are 
kept in the clectrician’s office and may be rented 
by notifying him. 

k +% * 


Radio As a Dramatic Plot 


Ravio plays a leading role in a rollicking 
German comedy entitled “Rundfunk.” This is 
the first German theatrical production in which 
radio furnishes the principal motif. The story 
is that of a merry widow and an irascible 
widower, and also of the widower’s daughter 
and an opera star, who are brought together 
through the girl’s hearing the artist sing over 
the radio. The manner in which the audience 
followed the radio jargon and slang demon- 
strated how universal radio already has become 


in Germany. 
* * * 


The World’s Radio Headquarters 
Without a Station 


It seems strange that the radio headquarters 
for the world at large should have no local 
broadcasting station of its own, but that has 
been the case with Berne, Switzerland, up to 


recently, when a public subscription was started — 


to raise 200,000 francs to provide for the sta- 
tion proposed by the Radio Club of Berne. 
This particular Swiss city, it may be explained 
for the benefit of newcomers into radio, has 
long been the headquarters of the International 
Telegraph Convention, where international 
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regulations are made and call letters assigned 
to the various subscribing nations. 
* * * 


Radio on Gondolas 


It is reported from Venice that radio ama- 
teurs there have hit on a particularly bright 
idea to attract tourists to their particular crafts. 
Many of them, fortunate possessors of gon- 
dolas, have titted them up with receiving sets, 
and go floating along the canals of a moonlit 
night. The effect is surprisingly romantic when 
turning a corner in a silently gliding gondola to 
hear from the next canal, wafted on the night 


-air, some dreamy love melody from the Vienna 


or Italian Station. 
* * 


They Take to Radio Instead 
of Drink 


THE British workman of today prefers radio 
to whisky, according to Captain Charles 
Nicholson of the Salvation Army. ‘“Drunken- 
ness has been reduced by one-half during the 
last few years,” the Captain reports, “and many 
public drinking houses are often empty on 


Sunday evenings.” 
* * > 


Yugoslavia’s First Steps in 
Broadcasting 


YUGOSLAVIA is to have a broadcasting station, 
secured from Germany on reparations account. 
It is to be erected near Zagreb, but as there 
are at present only 145 receivers in the homes 
nearby, the radio station will be used for a 
time at least solely for the State. It is hoped 
that later it will be released for general use. 
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A GLASS-INCLOSED RECEIVER 
The noted doctor and X-ray specialist, Dr. F. L. Satterlee, demonstrates a set 


using his circuit that is claimed to work without an antenna. 


The theory of 


aperation is based upon a tuned-ground system. 
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BROADCASTING “SIDE-LINE” REPORTS OF BOAT RACES 
One of the features of this summer’s regattas was the running account of the progress 
of the boat races, made by “radio reporters.” This picture shows J. Andrew White 
talking into the microphone on the yacht “Elco,” broadcasting through WJZ. 


Long Distance Reception on 
Crystal Sets 


ListENING to programs broadcast from 
London through the long winter nights is the 
engaging prospect held out for owners of 
simple crystal sets, according to announcements 
made by the Radio Corporation that all ar- 
rangements have been completed for an ex- 
change of British and American programs, at 
least several times a week and perhaps nightly. 
The music and speech will come from the new 
station at Daventry, seventy-five miles from 
London, be picked up at Belfast, Me., and re- 
transmitted through the new WJZ station at 


New Brunswick, N. J., which is to be one . 


hundred times as powerful as the present WJZ. 


Californian Schools Use Broad- 
casting Regularly 


EXPERIMENTS that have been carried on 
over a period of eight months at Oakland, 
California, have convinced the local educational 


authorities that radio broadcasting is of defi- 
nite value in classroom instruction. Dr. Virgil 
E. Dickson, head of the department for “re- 
search and guidance” in the Oakland public 
schools, who is carrying on this experiment 
finds that the subjects best suited to broad- 
casting are penmanship and drawing; in draw- | 
ing, particularly, radio has stimulated greater | 
originality on the part of the pupil than has 
instruction that is given by the teacher in per- 
son. Entirely new fields of possibility have 
been opened by the experiments, and a new era 
of educational methods may result. 


* * * 


The Patron Saint of Radio Fans 


THE automobilists have already chosen their 
patron saint, who is St. Christopher. But the 
radio enthusiasts have not yet designated theirs. 
The new French publication, “La T. S. F 
pour Tous,” is organizing a referendum 
among its readers in order to learn their 
opinion on this subject. The first results 
seem to be in favor of Joan of Arc. 
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Tunis department will keep you in touch with the latest inventions of interest on 
which patent rights have been granted, and which are significant contributions to 
radio art. 


A Novel Cone Loudspeaker 


Dr. Hans ScuarF of Berlin was granted 
patent No. 1,540,229 for a cone-shape loud- 
speaker. 

In loudspeakers that employ the usual type of 
telephone receiver in aa Dine Oh with a horn, 
one drawback lies in the fact that not the entire 
surface of the diaphragm is exposed to the air. 
Furthermore, during its movement the dia- 
phragm produces objectionable noises because 
it is rigidly held around its periphery. 

In this invention these drawbacks are avoided 
by holding the diaphragm around its periphery 
in a manner that the diaphragm contacts only 
with some soft material, preferably rubber, and 
the whole surface of the diaphragm is exposed to 
the air. 

The diaphragm disclosed in this invention 
moves practically freely in the air and substan- 


FicurE 1: Top view of Scharf loudspeaker in 
which a few details of construction are shown. 
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tially parallel with its normal position. This 
should result in improving the quality and quan- 
tity of the reproduced sound. 

The soft material, 1.e., rubber used for holding 
the diaphragm, is preferably stretched over the 
whole surface of the diaphragm or it may be 
solidly connected therewith around its periphery. 
Due to this provision the vibration of the dia- 
phragm will be materially damped. 

In Figures 1 and 2 these features will be noted; 
also that the diaphragm is cone-shaped of metal; 
it is entirely covered with a piece of rubber cloth. 
This is a feature that is not found in domestic 
cone-type speakers. 


A New Radio Receiving System 


THE Commissioner of Patents recently allowed 
56 claims to Oscar C. Roos of Boston, in letters 
patent No. 1,545,697 covering a very novel 
electrical acoustic method of reducing inter- 
ference and static disturbances in radio phone 
receivers which possesses considerable merit. 

The invention relates to broadcast receiving 
systems and more especially to such systems 
whereby the effect on the signal-indicating device 
of electrical vibrations created in the system by 
abrupt or impulsive electrical forces eich, for 
example, as ‘‘static disturbances” or electrical 
vibrations created in the system by interfering 
signal waves), 1s eliminated or reduced to a 
minimum so that the signal-interference ratio 
is a Maximum. 

Mr. Roos has discovered that the irregular 
non-musical noises or non-harmonious vibrations 
produced by a signal-indicating device, such as 
a telephone receiver when the receiving system 
is acted upon by abrupt or impulsive electrical 
forces, may be converted into spatialized periodic 
vibrations. 

In carrying out the invention, he provides 
means for converting the electrical vibrations 
developed in the receiving system by abrupt or 
impulsive electrical forces. The electrical vibra- 
tions developed therein by the electromagnetic 
waves, the energy of which is to be received into 
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dephased specialized non-electrical vibrations, 
such, for example, as sonorous vibrations pro- 
duced in an air column, and an apparatus so 
associated with such means that the amplitude 
therein of the non-electrical vibrations resulting 
from the waves, the energy of which is to be 
received is large compared to the amplitude 
therein of the non-electrical vibrations resulting 
from the abrupt or impulsive electrical forces, 
and a signal-indicating device associated with 
said apparatus. The non-electrical vibrations 
which pass into the apparat us may be converted 
into electrical vibrations by any suitable means, 
and in such case a signal-indicating device is 
operatively connected with such means. 

The invention comprises means for converting 
the irregular complex noises produced by a signal- 
indicating device (such as a telephone receiver) 
when the receiving system is acted upon by 
abrupt or impulsive electrical forces ‘into well 
defined steady acoustic vibrations of any con- 
venient pitch. This means consists, for example, 
of a resonant air chamber so designed that when 
the confined body of air therein is shocked into 
vibration at its own period, an acoustic vibration 
different in pitch from that of the signal will be 
produced, the pitch of which signal is under 
complete control of the operator by means of 
the heterodyne. The complex sound, consisting 
of the acoustic vibration produced by the signal 
waves and the non-musical noise produced by the 
electrical disturbance, which is introduced into 
the air chamber, will produce a resultant complex 
vibration which is the sum of its components, 
but which, when of audible pitch, is different in 
sound from either. 

The invention also comprises a means for 
spatializing the two sound waves that make up 
the resultant acoustic vibration, such means 
being, for example, a resonant air-chamber of 
such dimensions that the two sets of vibrations 
will produce stationary sound waves. These, 
being of different frequencies, will be dephased. 
Means are provided for picking up the stationary 


_Ficure 2: Cross section view of the new Scharf 


cone-type of loudspeaker. 


sound waves produced by the signal waves at a 
point where the amplitude thereof is large com- 
pared to the amplitude of the stationary sound 
wave formed by the electrical disturbance; for 
example, at a pressure loop of the former and a 
pressure node of the latter. | 

Having separated two sets of sound waves 
and picked up a portion of the energy of the 
stationary sound wave formed by the signal 
vibrations, use may be made of it for producing 
the signal or one may employ apparatus such 
as a radio transmitter for reconverting such sound 
waves into electrical vibrations, and transmit 
the latter to a radio broadcast receiver. By 
transmission through several stationary-wave 
separating devices in succession, further separa- 
tion of the signal and interference vibrations may 
be affected. 

It is also contemplated to use a sound reflec- 
tion or refraction device whereby the sonorous 
vibrations produced by the signal waves after 
separation from the sonorous vibrations pro- 
duced by the electrical disturbances may be 
concentrated on the apparatus which reconverts 
them into electrical vibrations. 

It will be obvious that the principle underlying 
the invention may be embodied in a great variety 
of apparatus and that various circuit arrange- 
ments may be employed in connection therewith 
for converting the energy of electromagnetic 
waves into sonorous vibrations at one end of 
the apparatus and for converting sonorous vibra- 
tions into readable signals at the other; and 


FIGURE 3: 


A schematic diagram of the Roos radio receiving system. It ts a very novel 
electrical acoustic means for reducing interference and static disturbances and possesses 
considerable merit. 
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This shows a cross section view of the 


FIGURE 4: 

Sandell radio frequency transformer; the movable 

feature of the tron core may be seen in the above 
diagram. 


therefore, it will be understood that the several 
embodiments of the invention described are 
illustrative merely and not restrictive. 


A Radio Frequency Transformer 


A NEW design in radio frequency transformers 
is shown in patent No. 1,541,398, issued to Henry 
K. Sandell of Chicago, Ill. It is particularly 
adapted to be used for radio frequency amplifica- 
tion in radio receiving sets. 

A feature of this invention is the design (see 
Figures 4, 5 and 6) the construction of which 
provides a radio frequency transformer in which 
the iron core is movable and the de-saturation 
time of the iron is varied. By properly choosing 
the values this time may be brought into step 
or resonance with the natural period of induc- 
tance of the secondary coil. 

The primary is aperiodic and the secondary is 

eriodic or resonant for the present broadcasting 
requency band. In other words, varying the 
iron in the core varies the frequency of the 
secondary coil so that by this means the res- 
onance of the circuit in which the secondary 
coil is placed may be tuned. When this occurs 
the strength of current that flows in this coil 1s 
greatly increased. The relation between the 
soft iron core and the secondary is very sensitive 
to small changes in either, while relatively large 
changes in the primary are permissible without 
materially altering the operation of the trans- 
former. 

If desired short pieces of the soft iron wire 
may be embedded in a non-magnetic substance 
to form the movable core and by properly pro- 
portioning this the wires 12 (Figure 6) may be 
omitted altogether from the final design or as- 
sembly. 


A New Crystal Detector 


FERDINAND SCHNEIDER was recently granted 
U. S. Patent No. 1,549,926 for a new crystal 
detector. 

His invention relates to that class of receiving 
devices for damped or undamped electric waves, 
on which a gap between electrodes is bridged 
over by means of a preferably spherical mem- 
ber of wave-reactive material, i.e., a crystalline 
substance which is responsive or sensitive to 
electric waves; for example, silicon, molyb- 
denum glance, pyrites, carborundum or the like, 
said wave reactive member being subjected to 
pressure. 

He has found that members composed of such 
wave-reactive material have not a uniform sen- 
sitiveness throughout, and therefore make these 
members movable along the electrode gap, pref- 
erably by means of rotation around their cen- 
ters; this insures that the most sensitive points 
of the wave-reactive member or members can 
be brought in contact with the electrodes. 

Another feature of the invention is that the 


FIGURE S: 

former, completely assembled; in this diagram can 

be noted an important detail—the means for ad- 
justing the tron core. 


Is another view of the Sandell trans- 
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FIGURE 6: 


pressure exerted on the wave-reactive member 
or members is made adjustable so that the 
effect may be increased. By roughening the 
edges of the electrodes in contact with the 
wave-reactive member, or by bending elec- 
trodes of sheet metal, the inventor increases the 
number of points of contact and finally forms 
the wave-reactive member or members from the 
most wave-sensitive parts of the reactive sub- 
stance, which he ascertained by previous ex- 
periment. By this means the specific resistance 
is considerably reduced, so that weak-current 
relays connected up can be used without the 
hitherto necessary intensifiers or extra sources 
of current, because speeches or sounds are re- 
ceived with a more powerful clear tone. 


A New Vacuum Tube Socket 


In patent No. 1,547,729 issued to William T. 

ooth of Brooklyn, N. Y., is disclosed a new 
and improved form of tube socket structure 
to be used in vacuum tube sets and telegraphy 
and telephony. 

An object is to provide an improved socket 
structure so that a socket in use with one form 
of set and adapted to be used with one type of 
tube, cannot be used with any other type of tube 
while in that particular use. 

Another object is to so construct the socket 
structure that the new element added which 
constitues the invention, may be readily adapted 
to or removed from the socket structure. 

In the ordinary vacuum tube socket the tube 

ts by means of a bayonet and lock-joint into 
the socket, the terminal plugs at its lower end 
slightly contacting with a plurality of terminal 
springs. In the ordinary tube these terminal 
plugs on the base of the tube are definitely po- 
sitioned angularly with respect to the bayonet 
pin also on the base, and similarly the terminal 
springs on the socket are definitely positioned 
angularly with respect to the bayonet lock so 
that when the tube is in position definite ter- 
minal springs will contact with definite ter- 
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This shows the iron co.e assembly. 


minal plugs on the tube. In order to adapt a 
socket for use only with oneetype of tube, this 
invention comprises the provision of a plate of 
insulating material which is interposed in a 
plane between the terminal springs and the 
plane of the base of the tube when in position . 
in the socket. This plate is provided with suit- 
able apertures which are detinitely placed angu- 
larly with respect to the bayonet stot of the 
particular socket to which it is adapted, so that 
the terminal plugs only of the tube which is to 
be used with this socket will properly ft the 
aperture in the above-mentioned insulating plate 
and thereby pass therethrough to make contact 
with the terminal springs. 


A New Inductance Coil and 
Tuning Methods 


Francis De Witty of Los Angeles, Cal., was 
recently issued Letters patent No. 1,549,247 for 
improvement in “Inductance Coil and Tuning 
Methods.” One of the objects of the inven- 
tion is to provide a transformer for an elec- 
trical circuit or radio apparatus which is ex- 
ceptionally efficient in operation in comparison 
with the present type of transformers. 

Other objects of the invention, as set forth 
in the patent, are to provide a transformer oper- 
ating to prevent re-radiation of energy from the 
receiving apparatus; operative to absorb or 
take up a maximum signal strength; operative 
to reduce the outside magnetic field around the 
transformer and thus eliminate undesired 
coupling with other units of the receiving sys- 
tem; and operative to provide a coupling for a 
radio apparatus tending to stabilize the action 
of the apparatus and to increase the range and 
signal strength. 

Another object is to provide a simple form 
of detecting circuit for a wireless receiving set. 
operative to efficiently amplify signals receive: 
while providing a sharp tune and stable ap- 
paratus which may be constructed at a low cost. 


A Cardinal’s Impression of Radio 


“BY common consent, radio is a force of immeasurable potency. 

It will unquestionably affect the history of humanity as 
electricity and steam and the printing press have affected it. We 
may say, in a certain sense, that radio surpasses these and other 
agencies, for it is able to influence millions of people scattered over 


the earth profoundly, instantaneously. 


It is one of the greatest 


powers that man has ever had in his hand.” 


—CARDINAL HAYES 
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LISTENING IN 


PRACTICAL pointers from experimenters and broadcast listeners.. What helpful hints can YOU offer to 
your fellow fan? Readers are invited to address their letters to the editor of this Department. 


CONDUCTED By LLOYD JACQUET 


How to Avoid an Uneven 
Battery Drain 


{ notice that when my “B” batteries have 
reached the point of recharge, it is usually the 
first 45-volt battery that is discharged first. 

A little curiosity enabled me to find out why 
this was. By studying the diagram of con- 


NY, 


nection, I noticed that the drain on this bat- 
tery was greater than on any other and that 
therefore its energy would be used up ina 
smaller unit of time, as compared with the 
other batteries. 

Indeed, I can see that besides supplying en- 
ergy for the detector tube, through the tapping 
of the first 2214 volts, and being connected in 
the plate circuits of the amplifying tubes, this 
battery is being overloaded this much more. If 
the voltage is only 22%4 perhaps the current 
drain is low, of the order of % milliampere 


or so. But a mistake is made when 45 volts 
are fed the detector tube, for the drain increases 
one hundred percent. 

If you want to make the first “B” battery last 
as long as your other batteries, reduce the extra 
drain on it as much as you can by using mini- 
mum voltage of the detector tube, consistent 
with good results. 

It might, in fact, be a good idea to change 
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the position of the first and second sets of 
batteries occasionally. 
—Ep DowNING, Brooklyn, N. Y. 
* 


Short Waves On a Crystal Set 


THERE are many short-wave broadcasting 
stations now operating which have programs 
just as interesting as the longer-wave stations. 
In fact, some of these short-wave programs 
are repetitions of the original broadcasts. 

Most broadcast receivers are so designed that 
they will not tune below 250 meters. For those 
who, are curious yet who do not feel as though 
they wapt to invest much money in che recep- 
tion of short-wavelengths, the crystal set offers 
great possibilities. 

A crystal receiver can be built with odds and 
ends about the house. Get a variable condenser, 
a discarded coil, and a crystal detector. The 
circuit can be completed by means of a few 
small fixed condensers. The hook-up is sim- 
plicity itself. One of them was given in 
Popular Ranio for May, 1922. 

Wind only 30 to 49 turns of wire on the coil. 
Use your present antenna if you so desife, 
although a shorter one would be better. Then, 
some evening when it is getting late, turn off 
your regular set for the crystal outfht and listen 
in. With the big stations using super-power, 
crystal reception is a possible thing within 
fifty to one hundred miles of the station. 

—Harry Branne. San Francisco, Cal. 
* * * 


What I Found About Grid-leaks 


- Recentcy I had occasion to try out a friend’s 

grid-leak for him, while he was building his own 
set, a one-tube affair. I noticed how much bet- 
ter his grid-leak operated than my own. I pro- 
cured a new one, but it didn’t function as well 
as that of my friend. 
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I bought one dozen of them, assorted in 
sizes. I tried every one of them, but with little 
difference in efficiency than the original one in 
my set. I found three or four of them, how- 
ever, that really made a big difference in my 
receiver. 

It has been my experience that grid-leaks are 
not always uniform, either in resistance reading, 
or in performance. Unless an excellent make 
is used, you can never be sure of the resistance 
value. This, however, has little to do actually 
with the actual performance of the unit. 

Have a variety of grid-leaks on hand and 
experiment to find the best one. Not any old 
grid-leak will do. It is sometimes necessary to 
go through a bunch of them to get a few good 
ones. Buy only the best you can afford. 


—C. STEVENS, Trenton, N. J. 
* x * 


Fieldless Coils 


I wave already seen diagrams and articles 
referring to the use of the new types of coils, 
known as the “toroid,” “doughnut,” and other 
similar names, in which the constructor was 
shown to place these coils at right angles to 
each other. 

In the old days of cardboard coils, inefficient 
condensers and leaky transformers, such pre- 
cautions were imperative. But since these coils 
are supposed to be built to do away with the 
very nuisance that the writer of the article 
warns against, it isn’t necessary to locate these 
coils at right angles to each other. 

Such construction proves bulky and difficult 
in many cases, and nothing is achieved by it. 
It is of far more importance to remove from 
any winding the metallic masses of transform- 
ers, condensers and other units, which would 
create a real loss if placed too prominently in 
the electromagnetic field of a coil. 

—JoHN L. Sawyer, Kansas City, Mo. 
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AN EXAMPLE OF AN UNEVEN BATTERY 
DRAIN 

Besides carrying the drain of the amplifier tubes, 

the first “B” battery also must take care of the de- 

tector tube. This imposes a greater drain upon il 

than the other batteries. Change the batteries 

around occasionally, and even up the drain. 
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COW HORNS AS LOUDSPEAKERS 


These cow horns, fifteen inches in length, 

make up the loudspeaking part of this radio 

set. Even if they do look like periscopes, they 
add an odd tone to any radio installation. 


* * * 


A Novel Home-made Horn 
from the Farm 


ALTHOUGH nearly every possibility for the 
design of radio loudspeakers has been thought 
of, here is a new idea that has many merits 
beside originality. 

The cow horn, because of its very substance, 
is clear-toned, and solid. The making of a 
good loudspeaker unit for radio use out of a 
pair of cow horns is simplicity itself. 

First secure a pair of horns; this will not 
be difficult if you live on a farm. Cut the tips 
of the horns off with a hack saw and at a point 
where the opening thus provided will fit into 
the hole of a telephone earpiece. By means 


of sealing wax or cement, the horns are fast- 


ened to the earpieces. 

If the horns are big, like the ones shown 
in the illustration, the effect when the set is 
turned on will be most pleasing. 

To add a touch of artistry, the interiors of 
the horns may be gilded, and a decorative rim 
placed on each. The horns work very well on 
this five-tube set. 

—Lovuis Yassen, Chicago, Ill. 


* * * 


How to Handle Glass 
in Your Set 


GLass is being used to a large extent by 
experimenters who build radio sets. Because 
glass is such a good insulating material, it 
probably would be even more extensively used 
were it not for the fact that it is hard to work. 

How to drill glass has already been told in 
PopuLar Rapio, but many. set builders have had 
the experience of cracking a finished glass 


- panel in the assembly of instruments. 


Glass will not stand as much strain as other 
materials used in radio work, such as hard rub- 
ber, bakelite, fiber and others. But if the 
strain is eliminated or relieved there is less 
danger of breakage. One way to relieve this 
strain is by using care (when two or more 
mounting screws or nuts are located on a piece 
of apparatus) that one screw is not brought 
down tight first, and the others pulled up after- 
ward. 

When two or more screws or nuts are re- 
quired for mounting a piece of radio apparatus, 
tighten up slightly on each screw or nut con- 
secutively until all are brought up tight. This 
hint is good not only when working glass, but 
is advisable in any case where it is necessary to 
eliminate the possibility of strain or breakage. 

. A. Fricke, Chicago, Jil. 


A HOME-MADE SET ENCLOSED IN A 
GLASS CASE 
Glass is particularly attractive when it serves to enclose the combonenis of a radio 
sct. Here is the work of a Chicago firm, who can drill glass and prepare the holes 
with bushings for mounting the instrument without breakage. 
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from your lighting socket 


HE most rigid specifi- 

cation set for the Duo- 
Rectron, the new RCA 
“B” battery eliminator, was 
that it be silent—hum-free. 
The hum of the 110 volt, 50 or 60 cycle 
line current has been filtered out by a 
special filter system. And the perfec- 
tion of this system is guarded by minut- 
est care in manufacture. 


In many important points the Duo- 
Rectron meets demands never met 
before. 


One new feature is a voltage regulator— 
a new tube that keeps plate voltages 
constant. The Duo- 

Rectron has taps for | x 
2212, 45, 90 and even 
135 volts. Hook up 
where you will, you 
get the voltage 
marked—no more— 


SWITCH 


RCA Duo-Rectron, complete $65 


LONG LIFE ree WAVE RECTIFIER TUBE 
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no less. This means that 
whether you have a one 
tube set or a ten, you can 
depend on the Duo-Rec- 
tron for the correct volt- 
age, under any current drain, all the 
way up to 50 milliamperes. 


The new rectifying tube, Radiotron 
UX-213, is built for long service—de- 
signed especially for this power unit. 


Everything has been considered in the 
RCA Duo-Rectron — silent power, 
reserve power, economical power, con- 
stant power! * * * 


The RCA Uni-Rectron 
is a power amplifier for 
loudspeakers. Connect 
it with the first audio 
on stage of any set and get 
super-power amplifica- 
tionfroman A.C. socket. 
Price complete, $105 
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A\cous tics 
by Brandes 


has made 
possible a 


perfect 
Cone Speaker 


© Copyrighted by Brandes Products Corp. 1926 


The Best in Radio Equi pment 


` 4 
The Type H—a simple 
horn of graceful lines and 
antique green and black 
finish. Greatin volume 
— true in tone. Adjust- 
able. 


The Brandes Cabinet of 
mahogany, finished in 
walnutbrown. The same 
unit, quality of tone, and 
even greater volume than 
the Type H Speaker. 


eae ; 
her `} ? 
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The Phonograph Attach- 
ment. Same unitas Type 
H. Adjustable, furnished 
with a connection to fit 
all phonographs. 


HAT avail the expression of 
X a master pianist, the throb- 
bing symphonies of a great orches- 


tra, if the radio speaker cannot give 
them minutely true reproduction? 


Through a Brandes Cone you can 
actually recognize the singer's 
voice, the player's touch. Great 
artists play for you just as they 
did when you heard them before, 
at Carnegie Hall. 


It is a fact that improved radio 
acoustics, such as the new Brandes 
speakers (cone, cabinet and horn 
types) has done much to encour- 
age bette. broadcasting. 


And those who hear great artists 
througha Brandes, really hear them! 


_ Brandes 


—experts in radio acoustics since 1908 
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There Will Always Be a Need for 
PoPuLaR RADIO 


“I HAVE regularly received and read PorpuLar RApio since the 
first issue of its publication; in order to keep abreast with the 
times in this rapidly growing scientific industry, | could not afford 
to miss a copy. There has been and always will be the need for 
your publication.” 


PRESIDENT, RADIO PATENTS CORPORATION AND OF 
THE DUBILIER CONDENSER & RADIO CORPORATION 
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Battling Bandits 
by Broadcasting 


How the newly-developed radio apparatus with which 

the police are experimenting will add to the peril of 

fugitives—and the unique system of communication of 
which it is a part 


By COL. RICHARD E. ENRIGHT 
POLICE COMMISSIONER OF NEW YORK 


A BANDIT raid had taken place in 

New York. A jewelry store had 
been broken into and the daring raiders 
had leaped into an automobile and had 
made an apparently successful dash from 
the scene of the crime. 

But the bandits had reckoned without 
radio—the newest ard most subtle agency 
in the hands of the law—when they had 
headed for the suburbs and supposed 
liberty, 

Hardly had the bandit car disappeared 
Ga red lights flashed in police booths at 
ae bridge and ferry in the city. Sim- 

= ights flashed and gongs rang in police 
San outlying parts of the city. 
rough the municipal broadcasting 
n of the City of New York—Station 
ters o eam the voice of a headquar- 
tee i cial, in even, unruffled tones, giv- 
i escription of the men and their car. 
PProximately two hundred places. of 


Statio 


strategic importance the word was re- 
ceived, for the alarm had been made gen- 
eral. Patrolmen were on the lookout 
everywhere. The capture of the bandits 
was effected at a bridge before the raiders 
had gone a mile from the scene of the 
robbery. In a few minutes the news of 
the capture was “on the air” and patrol- 
men went back to their beats. 

For the purpose of meeting just such 
an emergency, which has been described 
in hypothetical form, the City of New 
York has taken a long step forward in the 
use of radio—a step which is almost revo- 
lutionary and which will be watched with 
interest by police officials in every other 
city in this country and abroad. 

The International Police Conference 
held in New York, in Mav, 1925, got 
a demonstration of the possibilities of the 
city-wide system of radio alarm on which 
New York was then working and which, 
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it is believed, will make an almost com- 
plete change in the method of communi- 
cation between headquarters and outlying 
stations. 

The visiting police chiefs saw a patrol 
box, in which was a new type of radio 
receiver with a green light burning, this 
light indicating that the power was on. 
Then a red light flashed and a gong rang, 
as summons to the patrolman. 
the receiver came a voice from police 
headquarters giving directions regarding a 
crime which was supposed to have been 
committed within the patrolman’s pre- 
cinct. The new device was given every 
possible test, and it met these tests sat- 
isfactorily. In fact, before the conference 
it had been tried out under adverse con- 
ditions, the most disadvantageous loca- 
tions having been chosen, such as Far 
Rockaway, Long Island, Tottenville, S. I., 
and Northern Manhattan. Some difficulty 
was experienced in Northern Manhattan, 
owing to the effect of surrounding steel 
buildings, but all the tests were satisfac- 
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tory, and New York’s advanced step in 
criminal-catching by radio was pro- 
nounced the outstanding sensation of the 
police conference. 

The hard-headed police chiefs who ex- 
amined this new radio device. and had it 
demonstrated in actual use, were not more 
impressed with its possibilities in the way 
of leading to the capture of criminals 
than by its promise as a factor in deter- 
ring crime. Anything that will make 
potential criminals think twice before 
committing a crime is indeed welcome. 
The automobile would be a wonderful 
deterrent of crime if the motors were in 
the hands of the police alone. But all the 
new devices which have meant speed in 
transportation have been effectively used 
by criminals as well as by officers of the 
law, and the gift of the gasoline motor 
must be regarded no better than a fifty- 
fifty proposition when it comes to crime 
prevention. Radio, however, is something 
that lends itself absolutely to police con- 
trol. With radio police booths scattered 


Bi A A ITRI IA TAS) EAST a Se M = 
CAUGHT IN THE RADIO NET 
With the aid of the new type of radio receiver developed for the special use of the 
police, the efficiency of the system of alarm employed by the New York forces of law 


enforcement are expected to be largely increased— particularly in the arrest of law- 
breakers who seek escape via the public highways. 
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THE POLICE COMMISSIONER AT HEADQUARTERS 
The installation of this broadcasting apparatus by the Police Department of New 
York has led to many applications of radio for the apprehension of law-breakers; 
thts article tells of the latest. 


about a city’s outlying sections, what crim- 
inal is not going to take them into account 
before committing a crime? 

For covering strategic points, radio 1s 
looked upon as ideal. The criminal, after 
the commission of his crime, seeks the 
ordinary avenues of escape,—generally 
the railroads. If he knows there is a radio 
police booth at every station, he will be a 
poor general if he does not take them into 
account. If he plans to avoid the rail- 
roads and escape to the country through 
the suburbs, there are the suburban radio 
receiving stations to be taken into account. 
Then there are the radio stations at 
bridges and ferries—in fact a complete 
net thrown about the city, with hundreds 
of ears listening simultaneously to the in- 
structions from headquarters: “Here is 
a description of your man—now get him.” 

Furthermore there is the fact that, in 
case of a general alarm, every individual 
who owns a radio set may listen in and 
be on the lookout for the criminal. 


These are the things which, it is pre- 
dicted, will make radio a real crime deter- 
rent. Criminals, when once they under- 
stand the working of this new agency that 
has been brought into effect against them, 
will give a wide berth to any city that 1s 
protected by a system of radio alarm. 

How does this new form of police pro- 
tection work, and how was it developed ? 

For many months the City of New 
York has been sending police alarms over 
its new broadcasting station, WNYC, lo- 
cated in the Municipal Building. These 
so-called alarms have generally taken the 
form of descriptions of missing persons 
and stolen automobiles. The success of 
this experiment led me to the belief that 
the use of radio in the department might 
be extended. Plans were worked out by 
S. E. Anderson and his associates in the 
Bell Telephone Laboratories, according to 
which the Western Electric constructed 
186 receiving sets, which will be placed 
at various vantage points in Greater New 
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WATCHING FOR THE RED LAMP TO LIGHT ON THE RECEIVER AS THE— 


When the red light flashes the police station’s “number” ts being called by the central 

transmitter, so that a message may be delivered. Each receiver is sharply tuned to a 

2000 cycle tone, but it is so adjusted that its light flashes only when its own signal is 

called. This receiving apparatus was installed at a Brooklyn station house as a part of 
the new selective radio signal system of the New York Police Department. 


York before the publication of this article. 

The receivers are of fine quality and so 
designed that one booth may be signaled 
singly. If so desired, a group of booths 
may be signaled, or a general alarm will 
reach all simultaneously. At headquar- 
ters there is a simple box, which, with a 
turn of the signaling key, is set for the 
desired stations. The operator at head- 
quarters sends a signal to WNYC, and 
the police call goes out on the regular 
wavelength of that station. This call can 
be heard by all who are “listening in” on 
WNYC. If it is desired to keep the po- 
lice information secret, the call may be 
sent out in code. Thus the radio listener, 
who finds his program shut off, may catch 
such unintelligible words as “Brazil sugar 
preferred whales ships broadaxes,” and 
will know that a police message of the 
utmost importance is being sent out. As 


a rule, however, the instructions will be 
broadcast without regard to code. 

Suppose it is desired to get word to a 
patrolman at Bayside. His booth is sig- 
naled and the impulse turns on a red light 
and rings a gong. The red light will con- 
tinue to burn and the gong to ring until 
the patrolman answers. 

The basis of the system is the Western 
Electric railroad selective telephone train 
dispatching system now in general use on 
railroads in this country and in Europe. 
For every division these systems consist 
ordinarily of a single line to which are 
connected a number of stations capable of 
being called by the dispatcher individually 
or in groups. It was felt that such a sys- 
tem was adapted to radio transmission 
and would permit broadcasting from a 
central radio transmitting station without 
requiring the constant attention of opera- 
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—OPERATOR SENDS A WARNING ON THE TRANSMITTING APPARATUS 


A set of six small levers which move up and down in their respective slots operate the 

transmitter. Each slot ts provided with a number of stops which are designated with 

a letter or number; when the levers are set at the combination of letters and numbers 

which forms the “call” of an individual police stdtion the signal is sent out automatic- 

ally from the broadcaster WNYC. Any station may be called separately or all the 
Stations may be called at once. 


tors at the receiving stations. 

The transmitter attachment consists of 
a vacuum tube oscillator tuned to approx- 
imately 3,000 cycles, and a number of call- 
ing keys. These keys control a relay 
whose contacts short circuit the plate 
windings of the oscillator coil when in the 
normal or unoperated position. 

Operating any of the calling keys opens 
and closes its contacts in a regular sc- 
quence determined by the code for which 
the key is set. Each of the individual 
keys is set to a certain code call, which 
it will continue to make until reset. One 
of the individual call keys is used as a 
master call for the entire system, so that 
by the operation of this key every receiver 
is called simultaneously. The other four 
keys are for the main group calls. The 
master key is similar in appearance to a 


miniature cash register, and, by setting 
its levers to the proper code combinations, 
any desired station may be called indi- 
vidually on this key, which may he used 
also for some of the group and sub-group 
combinations. 

The output terminals of the oscillator 
of the transmitter attachment may be con- 
nected directly to the speech input equip- 
ment of a standard radio telephone trans- 
mitter in place of a microphone. The 
sensitiveness of the radio receiver is ad- 
justed for the reliable operation of the 
signaling system, which is sharply tuned 
to a 3,000-cvcle tone. Even should the 
signaling svstem relavs be operated occa- 
sionally by excessive volume of speech or 
music, the receiver signal lamp will not 
light unless the proper code call is sent. 

The receiver apparatus is designed in 
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TAKING TEST ORDERS FROM HEADQUARTERS IN A RADIO- 
EQUIPPED CAR 
To enable the police to keep in touch with headquarters even while on the trail of 
their main, this automobile has been cquipped with a radio set by the Cleveland Depart- 


nent of Public Safety. 


Later it expects to equip all ten of the Police Reserve Squads 


with radio receivers and to install a broadcasting station at headquarters. 


two types, one for each kind of power 
supply. A green signal lamp will light 
only when the power is turned on. Both 
the DC and AC types of radio receivers 
are designed for operation from an open 
antenna. All the controls are on a panel 
inside the receiver and are inaccessible 
when the receiver cabinet is locked. 

The selector is the heart of the signal- 
ing system. It consists of a mechanism 
unit mounted on a magnet unit, the whole 
enclosed in a glass case for protection. All 
the transmitting kevs are so arranged that 
one second after the completion of their 
calling signal, they send out a signal which 
restores all selectors under their control 
to normal. An audible signal may be con- 
nected, using an additional relay neces- 
sary to handle the heavy current required 
by a large gong. 

A key is used by the policeman to ex- 
tinguish the red signal lamp when he 
takes up the head telephones. To the 
right of the key is the green signal lamp. 


indicating that the power is on the re- 
ceiver, and on the extreme right is a 
switch for turning power on and off. 
The apparatus is readily portable. It 
will be impossible for anyone to tamper 
with the set when it is locked in the 
patrol booth. With no wires to cut, it will 
be impossible for lawbreakers to keep 
the patrolman from connection with head- 
quarters. Not alone is the radio system 
of police communication regarded as a 


certain deterrent of crime, but its pos- . 


sibilities in the wav of life-saving are not 
to be overlooked. In case of an accident. 
where quick communication with a patrol- 
man from headquarters is necessary, the 
radio system is looked upon as ideal. Also 
it is felt that it will add to the security of 
residents in outlying districts of the city. 

The radio telephone will be an impor- 
tant adjunct to the radio telegraph, which 
has been in effective use by the police 
department of the City of New York since 
1918. At headquarters a radio telegraph 
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BATTLING BANDITS BY BROADCASTING 


operator is on duty day and night. He is 
prepared for any call that may indicate an 
emergency. _ 

If an injured person is being brought 
in on a ship, a call can be sent when the 
vessel is within 250 to 300 miles of the 
port of New York, and an ambulance 
will be in waiting at the dock. Or, if 
officials are bringing in a prisoner of im- 
portance and it is desired to have an 
extra guard when landing, a call is sent to 
police headquarters before the ship 
reaches port, and as many detectives as 
are necessary are at hand when the gang- 
plank is lowered. In case of any disaster 
to a ship within reasonable radio distance 
of the port, police headquarters is ready to 
send assistance. Much of the work is 
keeping in touch with police and fire 
boats. The following record, which is 
published for the first time, is interesting, 
showing as it does the large part radio 
plays in the activities in and around New 
York Harbor: 

The total number of calls sent and re- 
ceived from June 3, 1924, to June 3, 1925, 
12,767, classified as follows: 


Mayor’s Committee, steamer Macon.. 


800 
Steamer Manhattan, Police Department. 10,500 
60 


From other stations, shore to ship...... 
Ship to Shor seik vow a desea tees eens 50 
Suspicious boats........cccceccccsccces 1,000 

mbulance cases........ccccccccsccccs 5 

ransmitted and received for city of- 

cials 2 yds hvahcds Cos osewetew seed i 150 
Derelicts: socleroarsrer ta teensieecd T 10 
For Federal Government. ..... EAA i 5 
Distress rena Ss eset ard abode ctw ers sack 25 
Shooting on steamers.........s.e0. TOF 3 
Calls for assistance.........cccesceece r 25 
Bats Om fferr orrin ected ennei as 11 
Fallen airplanes..........ccceececs EEP 4 
Bodies recovered.........ceccece eds 100 
Assaults on steamers............06. sate 12 
Automobiles overboard............e06. í 5 
Lost Doy Saaana aeaea Oh 2 


It is estimated that it will cost about 
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$50,000 to equip the City of New York 
with the radio telephone system which is 
being installed in the outlying districts and 
points of strategic vantage. The success- 
ful working of this system, which has 
responded favorably to every preliminary 
test, will mean that other large cities 
throughout the world will follow New 
York’s lead and that lawbreakers every- 
where will find in radio a new and baffling 
agency, making crime just so much more 
difficult to “get away with.” 

_ Any agency or device that makes crime 
more difficult has a distinct value in police 
work. The radio telephone should not 
only make crime more difficult but, 
through the publicity it must inevitably 
give the subject of police surveillance and 
activity and the punishment of crime and 
criminals, it can become a moral force and 
a promoter of law and order without a 
peer. The Police Department has made a 


“systematic effort, throughout my adminis- 


tration, to secure vigorous and sincere 
co-operation from every decent, law- 
abiding citizen and everybody or organ- 
ization in the suppression of crime, and 
there is every reason to believe that the 
radio telephone will render exceptional 
service in the accomplishment of this pur- 
pose. Those in charge of broadcasting 
equipment should bear this in mind and 
also, that a heavy respensibility rests on 
them in regard to the promotion of it. 
The potentialities of the radio telephone - 
are almost limitless and the next few 
years will no doubt see some very startling 
developments in it. One of its principal 
fields of usefulness must always be in the 
dissemination of police intelligence, and it 
is to be sincerely hoped that this marvel- 
ous device will always be in the hands of 
those devoted to public service and the 
common good. 


How to Build a Receiver for Both Short and 
Long Waves 


ANOTHER constructional article—prepared by the Poputar Rapto 
Laboratory—of particular value and interest to the radio experi- 
menter, will appear in this magazine next month. 
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THE FUNDAMENTAL DIAGRAM OF RESISTANCE COUPLED AMPLIFIERS 


This shows a skeleton circuit of the type of amplifier discussed throughout this article. The 

coupling resistance is shown at R; Eg is the |B” battery, C the coupling condenser, R, the 

grid-leak and E, the grid biasing battery. The “A” battery circuit has been omitted since 

if all connections are made to the negative “A” battery this circuit does not affect the external 
circuits and serves only to heat the filament. 


HOW TO REDUCE DISTORTION IN 


AMPLIFICATION 


PART I 


THIS series of articles has been prepared for the special 
benefit of the average fan who likes to build his own 
receiver but who is discouraged by the usual distortion 
in reception. As most of this distortion occurs in the 
audio-frequency amplifier, these articles will concen- 
trate on this phase of the problem. This first article 
in the series is a study of tube problems and of resistance 
coupling methods of amplification. 


By HUGH 


ITH the passing of the novelty 
of radio reception an insistent 
demand for good reproduction has come 
from all classes of listeners-in. 
Engineers are carrying on intensive 
research work in an attempt to satisfy 
this requirement. Those who design our 
transmitting stations have done so well 
that any good broadcasting station to- 
day transmits signals which are almost 
perfectly modulated. 
The perfection of the receiving and 
reproducing apparatus has lagged far 
behind that of the transmitter. This is 
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especially true of the receivers built 
by the average fan who has only a 
meager knowledge of receiver design to 
call upon. 

Most of the distortion in receivers 
occurs in the audio-frequency amplifier 
which amplifies the weak, rectified, 
audible signals delivered by the de- 
tector. Further distortion occurs in the 
loudspeaker but this is minimized in 
the best ones now on the market. Itis 
possible that a more complete under- 
standing of the problems of amplifica- 
tion will enable the experimenter to 
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minimize the distortion occurring in his 
present receiver and aid him in the de- 
sign of new ones. | 

By dividing the problems encountered 
in the different types of amplification 
and presenting each more completely 
the author hopes to present some prob- 
lems which have previously been under- 
emphasized, primarily because of lack 
of space and the attempt by authors to 
cover too much in one article. 

The problems will be taken up pro- 
gressively from the point where an undis- 
torted signal current is applied to the 
input of a vacuum tube, through the 
tube, the interstage coupling device and 
to the input of the next tube in a cascade 
amplifier. 

For the sake of brevity and clarity the 
more common abbreviations have been 
used in discussing the vacuum tube and 
its associated circuits.* 

Figure 1 shows a vacuum tube. In 
addition to the usual elements three 
capacities and two resistances are shown. 
The capacities exist because of the ad- 
jacent tube elements. The various ele- 
ments are comparable to small plates of 
acondenser. Generally these capacities 
are very small and may be neglected but 
under certain conditions which will be 
investigated later they are important. 

There is normally a flow of electrons 
from the filament to the plate and under 
certain conditions to be mentioned the 
grid intercepts some of them. Work is 


done in moving them, therefore some | 


electrical resistance exists between the 
electrodes. The resistance between the 
electrodes of the tube and between the 
binding posts in the socket will be high 
enough to be negligible if the tube and 
socket are properly designed so they are 
neglected for our purpose. 

When the grid of a vacuum tube is 
negatively charged it repels the elec- 
trons, as they are small quantities of 
Negative electricity and like charges 
repel. The flow of electrons from the 
filament to the grid is therefore negli- 
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See Appendix (a) 
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gible, or what is the same thing the 
resistance between the two is very high— 
approaching infinity. 

Potentials or voltages are said to be 
higher as they become more positive. 
In a tube the point of lowest potential 
in the filament, which is emitting elec- 
trons, is used as a convenient reference 
point and all potentials are referred to 
it. The grid, for example, is said to be 
at O potential when it is connected to 
the negative filament terminal. 

As the potential of the grid is in- 
creased it begins to attract electrons. 
This attraction increases rapidly with 
an increase in the grid voltage. Put 
differently, the resistance from the fila- 
ment to the grid decreases rapidly with 
slight increases in grid potential after a 
certain point. 

This effect is shown graphically in 
Figure 2. Curve B is for a low mu 
tube of the 20l-a type. After the grid 
becomes more than about 3 volts posi- 


r AAW 5 kpf 


FILAMENT 


TWO DIAGRAMS OF A VACUUM TUBE 


FIGURE 1: The upper diagram shows a tube as 

it is usually drawn, together with the inter-electrode 

capacities and resistances (except the grid to plate 

resistance). The lower ts the the retical equiva- 
lent of the upper. 
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tive the grid current rises rapidly. The 
resistance from grid to filament can be 
easily calculated by Ohm's law. 


R = — (1) 


where R is the resistance called R,, 
in Figure 1, E is the actual grid voltage 
E,, and I is I, or the grid current. I, 
in Figure 2 is given in microamperes or 
millionths of an ampere. 

Curve A is the same type of curve for 
a mu 20 tube. The mu of a tube is 
roughly a measure of its ability to con- 
trol the electron stream from the fila- 
ment to the plate.* Ina high mu tube 
this greater control is obtained by making 
the grid mesh finer, the grid wire larger 
and by placing it where it most effec- 
tively controls the flow of electrons. We 
would then expect it to intercept more 
electrons at a given potential than the 
grid of a low mu tube. 

This is clearly shown in the curve. 
The values of I, at the left must be 
multiplied by ten to get the proper value 
for curve A. For convenience they 
were plotted on the same sheet. When 
E, equals 2 volts positive, for example, 
I, is about 136 microamperes. Multi- 
plying by ten this gives 1,360 micro- 
amperes which if plotted on the same 
scale as curve B would be off the top of 
the sheet. This gives a value of R, 
of only 1,470 ohms which is in shunt to 
the input. 

In one corner of the chart the circuit 
employed in obtaining the curve is 
shown. This will be given for all 
curves. Note that there is no resistance 
in the grid circuit except that of the 
microammeter which is negligible com- 
pared to the grid-filament resistance. 

If there were a resistance R,, in this 
circuit and a current I, flowed through 
it by Ohm’s law there would be a volt- 
age drop in it given by 


ES Ri I, (la) 


where E is the voltage drop, R, the 


*See Appendix (b) 
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input circuit resistance and I, the grid 
current. The voltage E, actually ap- 
plied to the grid would then be less 
than E, by an amount Ra I, as ob- 
tained from (la). In the setup used 
for Figure 2 as shown on the graph 
this resistance was negligible hence 
although I, reached quite high values 
R,, being negligible made the product 
of the two negligible. In this case E, 
equalled E.. 

Normally there is a high resistance in 
the gnd circuit. When this is true any 
grid current causes a drop in the poten- 
tial applied to the grid and decreases in 
turn the amplification. Especially in 
the last stage of amplification variations 
in grid potential of eight or ten volts are 
not uncommon and thev average several 
volts. 

The type of distortion secured is 
shown in Figure 3 where A is the input 
signal applied to a grid having no bias. 
This is generally the case in resistance, 
coupled amplifiers -since the negatie 
bias obtained by the use of a coupling 
condenser and leak is very small. On 
the negative half of the cycle there is 
no distortion, as the grid current is 
negligible. On the positive half, how- 
ever, the peaks are cut off, due to the 
drop through the input circuit resis- 
tance R,, with consequent distortion 
and introduction of harmonics. 

An inspection of curves A and B in 
Figure 2 shows that it is especially im- 
perative that the grid of a high mu tube 
never go positive. oe 

We have then the first requirement for 
distortionless amplification: that the 
grid of the tube should never go positive. 
This is then the upper limit of the poten- 
tial which should be applied to the grid. 
Later we will find the lower limit, the 
difference giving us the variation in grid 
voltage which can be used without 
distortion of the output. 

Figure 4 gives a series of curves of the 
relation of the plate current to the 
grid voltage in a vacuum tube of the 
20l-a type with different values of re- 
sistance R in the output or plate cir- 
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CURVES THAT SHOW THE RELATION BETWEEN THE GRID VOLTAGE AND 
GRID CURRENT 


FIGURE 2: 
mu 20 tube and B fora mu 7.8 tube. 


This relationship as il occurs in an amplifying tube. 
The values of I, for curve A should be multiplied by 10. 


Curve A is fora typical 


If curve A had been plotted with the same co-ordinates as B it would have gone off the top of the 
graph at only .45 volts positive on the grid. 


cuit. Curve A is made with negligible 
resistance in the output circuit and is 
the static curve usually given in dis- 
cussing the amplifying properties of a 
tube. The formula for the relation 
between the two clearly shows that 
although there is a portion which appears 
to be linear, actually only a very small 
part may be considered linear.* Only 
the portion of the following curves below 
O grid bias should be considered in view 
of what we have found above. 

It is important that the portion of 
these curves below E, = O be a 
Straight line for distortionless amplifi- 
cation. This follows from the fact that 
currents of varying amplitudes must be 
amplified proportionally. If the curve 
were a parabola for example and a signal 
of 2 volts were applied to the grid the 
amplified signal would have an ampli- 
tude of 4 units and if one of 3 volts 
were applied the amplified signal would 
be 9units. The ratio of 2 to 3 is higher 
than the ratio of 4 to 9 and loud signals 
would be overamplified. The curve A 
is more nearly a parabola than a straight 


——— 


*See Appendix (c) 


line and it is evident that the tube itself 
is a distorting device. Fortunately by 
adjusting the associated circuits it can 
be made to amplify almost without 
distortion. 

Curves B to G in Figure 4 are dynamic 
curves which show the relation of the 
plate current to grid voltage of a tube 
with some resistance in the output 
circuit which is normally the case. 
As the resistance R approaches 12,000 — 
15,000 ohms, which is the approximate 
plate resistance R, of the tube, a portion 
of the curve becomes linear. When R 
is 40,000 ohms the curve is substantially 
straight down to E, = — 12 volts. 
The fact that the slope or steepness of 
these curves decreases as R is increased 
does not indicate that the tube becomes a 
less efficient amplifier. Actually it will 
be found that curve G gives the highest 
voltage amplification. The graphical 
method of representing amplification 
has not been used because in such a case 
the slope of the curve has to be in- 
creased to give the desired impression. 

The fact that the greater portion of 
the curves in Figure 4 become linear as 
R is increased is very significant since 
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it is this fact that permits distortionless 
amplification. We will investigate it 
more fully later. 

In Figure 1 there is a resistance R,., 
which has been so named to indicate 
it is the resistance in the tube from the 
filament to the plate. We will call this 
R, when referring to its resistance to 
direct currents and r, when referring 
to alternating currents. If this re- 
sistance were of the ordinary type the 
current through it would be proportional 
to the voltage across it and it would 
follow Ohm’s law previously given. 
If, say, ten volts were applied and a 
current of one ampere flowed then two 
amperes would flow if twenty volts were 
applied. If we keep all of the variables 
in a vacuum tube constant and vary the 
voltage Ep actually applied to the plate 
(not necessarily the “B” voltage) and 
measure the corresponding changes in 
plate current we find a curve of the 
result closely resembles curve A in 
Figure 4. Using equation (1) we can 
calculate R, from such a curve. The 
relation between the plate resistance and 
plate voltage is shown in Figure 5. 
These curves show that as the plate 
voltage is decreased the plate resistance 
rises rapidly. 

If a resistance R is introduced in the 
plate circuit the voltage E, on the 
plate will be less than the “B” voltage 
by an amount equal to the drop through 
R computed by equation (la). This is 


analagous to what occurs in the grid 
circuit under similar conditions and I, 
is used instead of I, and R instead of 
expression for the 


R The whole 
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voltage on the plate under static condi- 
tions then is 


E, = Es — RI, (2)* 


Returning to the effect of the intro- 
duction of R in the plate circuit, we 
find it convenient to study its effect 
when R, is constant. As Figure 5 
shows this is done by keeping E, con- 
stant. In Figure 6 therefore E, has 
been increased after every increase in 
R until E, was 90. These measure- 
ments were made with a 20l-a type 
tube and curve A Figure 5 shows that 
for E, = 90, R, is approximately 13,500 
ohms. 

It is here very evident that as the 
resistance is increased the curve becomes 
linear over a very considerable portion. 
When R was 39,000 ohms the curve was 
linear to — 28 volts on the grid which 
means that distortionless amplification 
could be obtained on this portion. By 
operating with a negative bias of 14 
volts a signal having a peak voltage of 
14 could be amplified without distortion. 
In practice 410 for E, is prohibitive and 
subsequent considerations will show that 
higher values of R should be used and 
that E, can be less. 

From our dynamic curves it 1s possible 
to find the amplification that can be ob- 
tained and its character. From Figures 
4, 6, 7 and 8 we can find the change in 
plate current which takes place with a 
given change in E, and for the approxi- 
mate value of R we are using. If we ob- 
tain the variation in drop across R with 


"See Appendix (d) 


HOW DISTORTION IS CAUSED IN A GRID WITHOUT A NEGATIVE BIAS 


FIGURE 3: 


Curve A shows the incoming undistorted signal which is applied to a grid with 


no bias. On the positive half of the cycle the grid becomes positive and attracts electrons thus 


lowering the grid to filament resistance. 


The effect of this on the wave form is shown in curve 


B, where the positive half has been distorted with consequent introduction of harmonics. 
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THE EFFECT OF VARYING RESISTANCES IN THE PLATE CIRCUIT 


FIGURE 4: 


This family of curves shows the relation between the plate current and grid voltage 


in an amplifying tube that has varying amounts of resistance in the plate circuit. A skeleton 


circuit on each graph in this article shows the method employ 


variations in E, we can determine the 
amplification, since this drop is what is 
applied to the grid of the next tube and 
the ratio of the two is the amplification 
per stage, assuming all of it is applied 
to the next grid. See the amplifier dia- 
gram for a characteristic circuit of this 
type. . 

Let E,’ be the voltage applied to the 
input of the second tube. 

If an alternating current voltage e, 
is applied to the grid of the first tube 
there will be a variation in the plate 
current 1,. The product of this times 
R (commonly called the coupling re- 
sistance) gives the alternating current 
voltage drop across R (if the resistance 
is non-inductive). 

It is now evident that the amplifica- 
tion is distortionless when the tube is 
operated on a linear portion of the I,- 
E, curve because the variations in I, 
are proportional to E,. And since R 
is constant I,R is proportional to E,. 
Also it indicates that the amplification 
of curve G Figure 4 may be greater 
than that of curve F. The variations 
of I, with E, are greater in F than in 
G but in the latter case these variations 


in obtaining it. 


have to be multiplied by 260,000 and 
in the former by 80,000 to secure E,’. 
We will temporarily disregard C and 
R, in the amplifier diagram and assume 
all of this drop is applied to the grid of 
the second tube. 

The amplification per stage is given by 


(3)* 


where A is the amplification, u the mu 
of the tube, R the resistance of the 
coupling resistance and rp the alter- 
nating current plate resistance which 
may be considered to be half the direct 
current resistance in a high mu stage. 
In the average low mu stage r, is ap- 
proximately .8 R,.* This formula as- 
sumes that all of the drop in R is applied 
to the grid of the following tube which, 
as will be shown later, is not always the 
case. 

To familiarize the reader with the 
use of this formula it may be well to 
solve a typical problem. Assume that 
we are using a 20l-a type tube with a 
mu of 10. This value is taken primarily 
for simplicity although some of the 
independent tubes have approximately 


* See Appendix (e). 
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this value. The coupling resistance has 
a value of .12 megohm or 120,000 ohms 
(this one was supposed to be .1 megohm). 
A milliameter was put in the plate cir- 
cuit of the tube and the current was 
found to be .86 milliampere. This 
value could be predicted by examining 
curve C in Figure 7, which shows that 
for zero grid bias .86 milliampere flows 
in the plate circuit when a 135 volt “B” 
battery is used. The grid will be at 
approximately this voltage since curve B, 
Figure 3 shows that negligible current 
flows in the grid circuit. There will, 
therefore, be a negligible drop in the grid- 
leak, and the grid will be at approxi- 
mately zero potential. From equation 
(2) we find that E, = 135 — 120,000 X 
00086 or 32 volts. From Figure 5 
curve A, which is for this type tube, 
we find that R, is approximately 
34,500 ohms when E, is 32 volts. We 


p 


> 


so it will be about 17,250 ohms in this 
case. Substituting these values in (3) 


e 10 x 120,000 _ 
° 17,250 + 120,000 — 


of the mu of the tube. 


have said that r, is approximately 


8.74 Or 87.4 percent 
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It is evident that as R gets very large A 
approaches mu. The maximum ampli- - 
fication that can be obtained per stage 
then is mu. The rate at which A rises 
with increases in R is less than would 
at first be expected due to the fact 
that E, is continually decreasing and 
hence R, and r, rising. | 

In Figure 10 a curve is given showing 
the percentage of mu obtained with 
varying ratios of R to r,. Since the 
rate at which r, will increase with in- 
creases in R varies this is the only satis- 
factory way to plot a general curve. 
The amplification in our problem could 
more easily have been obtained by using 


f R . 
this curve. in the above case was 


120,000 i 
17,250 
value of the ratio we find the percentage 
of mu obtained to be approximately 
87.5 which agrees with our previous 
answer since 87.5 percent of 10 is 8.75. 

To get a good percentage of mu per 
stage it is well to make R fairly high and 
keep r, as low as possible by making E, 
high. This can only be done by in- 
creasing E, since there will be a greater 


or approximately 6.95. For this 


THE VARIATIONS IN THE FILAMENT-TO-PLATE RESISTANCE 


FIGURE 5: 
plate voltage. 


These curves show the way in which the filament to plate resistance varies with 
Note that although the curves do not appear to rise rapidly as the plate voltage 


ts decreased the resistance is actually increasing rapidly since the plate resistance values on the 
left are high. 
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THE PLATE CURRENT PLOTTED AGAINST GRID VOLTAGE 
FIGURE 6: These dynamic curves, in which plate current is plotted against grid voltage, 
show how a greater portion of the curve becomes linear as the plate resistance R 1s increased. 

The portion of these curves used in amplification should be linear. 


drop in R as it is increased and less of 
the “B” voltage will be applied to the 
plate. If a tube having a mu of ten is 
used and one combination gives a voltage 
amplification of 6 and another 8 the 
difference does not seem very great. If 
say three stages are used in cascade 
then the overall amplification of the 
combination becomes 216 and 512 re- 
spectively, which shows it is worth while 
to secure the additional amplification. 

A high “B” battery voltage is neces- 
sary to secure good results with this 
type of amplification. In the first place 
where 135 volts is used in the plate 
circuit, calculations from the curves 
given will show that only 18 to 40 volts 
are actually applied to the plate the 
average being about 30 for the low mu 
tubes. This will be somewhat higher 
for the high mu tubes due to their 
higher plate resistance and averages 
about 50 volts. 

This low voltage means a high value 
for R, It also means a lower mu. 
Although mu is fairly constant over the 
normal plate voltage range specified for 
amplification it decreases rapidly when 
voltages of the order of 20-25 and 30-35 
for the low and high mu tubes respec- 
tively are used as plate potentials. 


Figures 6, 7 and 8 clearly show the 
advantage of using high plate voltages. 
This increases the linear portion of the 
curve over which distortionless ampli- 
fication can be secured. Increasing the 
plate voltage from 135 to 180 when using 
a 20l-a type tube and a .12 megohm 
coupling resistance increases the total 
grid swing permissible from 10 to 16 
volts. Where a stage is to handle maxi- 
mum grid voltage variations the grid 
biasing battery should be adjusted so 
the normal bias operates the tube in 
the middle of the linear portion of the 
curve. 

In the above case, for example, a bias 
of 5 and 8 volts respectively would be 
used permitting a peak voltage of 5 and 
8 to be applied to the grid and amplified 
without distortion. It should be re- 
membered that as the signal is amplified 
and increases in amplitude provision 
must be made for the greater variation 
in grid voltage. 

An inspection of the curves in Figure 8 
shows that to get much variation in E, 
without producing distortion, i.e., oper- 
ating where the curves begin to bend, 
a high plate voltage has to be used. 
With only 135 volts “B” battery the 
high mu tubes should therefore only 
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be used on the first stage or possibly 
first two stages if the signal is weak. 

Unless the voltage is raised a 20l-a 
tvpe tube which will permit higher varia- 
tions in E, should be used next. Either 
a tube of this type or a power tube of 
the new type should be used in the 
last stage both because of the larger 
variation in E, which can be used and 
because to get maximum power from 
a tube the impedance of the output cir- 
cuit should be equal to that of the 
tube. Since the impedance of the new 
speakers is rather low a low value of 
r, is necessary to get maximum power. 

Only enough negative bias should be 
used to prevent the grid going positive 
because increasing this bias increases 
the plate resistance of the tube which 
for the reasons previously noted is 
objectionable. * 

So far only the problems of getting a 
variation in drop across R which was 
proportional to e, have been discussed. 


*See appendix (d). 


POPULAR RADIO 


They have been concerned with ampli- 
fication of signals of varying amplitude. 
This variation in potential has to be 
applied to the grid of the following tube. 
This is ordinarily done by using a 
“coupling” condenser which offers very 
little reactance to the flow of alternating 
currents but practically infinite reactance 
to the high direct current voltage 
from the “B” battery. This is shown 
at C, in the amplifier diagram. 

If the coupling resistance is non-in- 
ductive the drop across R will be almost 
independent of frequency. When the 
frequency rises to the point where the 
reactance of the interelectrode capacities 
becomes appreciable there will be a 
decrease in amplification with increase 
in frequency. 

In tubes of the 199 type this capacity 
is low enough so no trouble from this 
source occurs for frequencies up to about 
300 kilocycles. The effective capacity 
between the electrodes increases with R 
and may become ten or more times the 
geometric capacity (that due to the 


THE PLATE CURRENT AND GRID VOLTAGE IN A 201-A TYPE TUBE 


FIGURE 7: 


These curves show the relation between plate current and grid voltage for a 
201-a type tube with different ‘‘B"’ battery voltages (Eg) and plate resistances (R). 


Note that 


as the “B” battery voltage is increased the portion of the curves below O grid voltage which 
is linear is increased; this permits a signal of higher amplitude to be amplified without 
distortion. 


HOW TO REDUCE DISTORTION IN AMPLIFICATION 
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THE RELATION BETWEEN PLATE CURRENT AND GRID VOLTAGE FOR A 
MU-20 TUBE 


Wo B l% £4 ce W Kk. 
Ec VUIS 
FIGURE 8: 
tube. 


These curves correspond to those in Figure 7 except that they are for a mu-20 
These show that only a very small grid variation can be permitted if distortionless 


amplification is tobe secured. If grid variations of the order of those permissible on a 201-a 
type tube are to be used the “B” battery voltage will have to be about 400 as shown in curve A. 


dimensions of the elements, spacing, 
etc.) and therefore more serious.* In 
high mu tubes this capacity is large 
and may become objectionable at the 
higher audio frequencies. Considerable 
trouble from this source can occur in 
very high mu tubes having a low 
mutual conductance or high plate re- 
sistance. 

Where a coupling condenscr is used, 
as is generally the case, there may be 
marked frequency discrimination. This 
is frequently disregarded and the plot 
of amplification cf such an amplifier 
against frequency is represented as a 
straight line. The reactance of this 
condenser is inversely proportional to 
the frequency.| This capacity in series 
with the tube input capactty, the re- 
sistance R,, and grid-leak (these three 
being in parallel), is in shunt to the 
resistance R. It is quite evident that 
if the leak has a low resistance, and the 
input circuit low resistance, such as is 
obtained with a positive grid, the im- 
pedance of the output circuit of the 
first tube will vary considerably with 
frequency. If the grid is kept negative 
~ *See figure 16 in R. B. King’s ‘‘Thermonic Vacuum 


Tubes and Their Applications.’—Bell Tech. Journal, 
Oct., 1923. 


tSee appendix (f). 


R,, can be neglected. If then the lcat 
can be kept high the capacity of the 
coupling condenser can be fairly low 
without the variation in its reactance 
over the range of say 60 to 3,000 cycles 
causing much frequency discrimination. 
The voltage across R, divides itself be- 
tween CandR,. The drop in C is pro- 
portional to its reactancce.* 

If, as is generally the case, the grid 
is operated with no bias there is a re- 
sultant accumulation of electrons on the 
grid, due to the occurrence of a rectify- 
ing action (see Figure 2) which is similar 
to that in a detector tube having a grid 
condenser. This must be removed to 
minimize distortion. A time constant 
of discharge enters here.f This is one 
of the reasons a lower resistance leak is 
commonly used in the last stages of an 
amplifier of this type. The grid be- 
comes more positive and more charge 
accumulates which has to be removed 
to minimize distortion. This lower 
resistance leak, however, introduces the 
distortion previously mentioned. 

If only a .006 coupling condenser is 
used and a .1 meg leak, the variation in 
amplification over the audio range may 


*See appendix (f). 
tSee appendix (g). 
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be as high as 75 percent depending on 
r, To minimize this a coupling con- 
denser of at least .1 microfarad should 
be used. A .5 microfarad condenser is 
somewhat better although increases in 
capacity after this do not give a cor- 
responding lessening of frequency dis- 
crimination.* 

Where the input to the first stage is 
connected to the output of a regenerative 
detector a .001 or .002 mfd. condenser is 
frequently connected across R to offer 
a low impedance path to the radio fre- 
quencies. An inspection of the circuit 
used will show that this is across r,. 
The variation of reactance of this con- 
denser to audio-frequencies may be 
enough to cause very marked frequency 
discrimination with consequent distor- 
tion. This condenser should be as 
small as possible to secure oscillations. 
If this has to be fairly high it is better 
to use a transformer in the first stage. 
The circuit comprising the primary of 
the transformer and this condenser can 
still offer inductive reactance to the 
low frequencies. 

Reviewing briefly then what has been 
found note that the grid should never 
go positive in a high mu tube and only 
very slightly so, if at all, in low mu 
tubes. The value of R, the coupling 
resistance should be several times that 
of r,, the alternating current plate 
resistance, to secure a reasonable pro- 
portion of the voltage amplification of 
the tube and to increase the linear 
portion of the dynamic curve. This 
in turn means a high value of E, to 
keep E, fairly high and r, low. Since, 
except in the last tube, we are interested 
in voltage amplification high mu tubes 
should be used if possible. It must be 
remembered that the linear portion of 
a high mu tube is proportionally less 
than that for a low mu tube and if it 1s 
to be used after the first stage a high 
plate voltage must be used to increase 
this linear portion. If this cannot be 
done a lower mu tube should be used. 


See appendix (h). 
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The coupling condenser should be large 
and the leak have a high resistance 
so the variation in the reactance of the 
coupling condenser at audio frequencies 
is only a small proportion of the resist- 
ance of the leak. To keep r, as low 
as possible (i.e. the effective plate 
voltage as high as possible) the negative 
bias should not be higher than neces- 
sary to prevent the grid going positive 
in successive stages. It should, there- 
fore, be increased in the last stages. 

An inspection of the curves given will 
show that there is considerable latitude 
in the choice of constants for an ampli- 
fier depending on the tubes, “B” bat- 
tery voltage, etc. 

The foregoing material has been pre- 
sented in the hope that enough of the 
fundamental principles involved have 
been given to permit the designing of an 
amplifier for a specific need. 


Appendix 


(a) The capital letters E, I and R are used to 
denote respectively direct-current voltage, cur- 
rent and resistance. For convenience the small 
letters e, i and r are used to denote respectively 
the alternating current voltage, current and 
resistance. The subscripts g, f and p denote 
respectively grid, filament and plate. Rp for 
example denotes the direct current plate re- 
sistance and e, the alternating voltage on the 
grid. X is used to denote reactance with the 
subscripts c and L to indicate capacitative and 
inductive reactance. The subscripts B and C 
indicate the usual “B” and ‘'C” battery circuits 
and are used for example to distinguish between 
the voltage of the “B” battery and that actually 
applied to the plate. Ep indicates the “B” 
battery voltage and Ep the voltage actually 
applied to the plate, the two being equal only 
when there is no resistance in the output circuit. 

In Figure 1 C,., indicates the capacity from 
grid to plate, and so on. 


(b) Mu is the ratio of the plate to grid voltage 
variations which produce the same changes in 
plate current. 


(c) Van Der Bijl’s formula in his ‘“Thermionic 
Vacuum Tubes” which holds to a first approxima- 


tion is Ip = (= + Eg + e) 


(d) The effective voltage on the plate is of 
course a function of the grid voltage. For grid 
biases below O the effective voltage is E, — p Be 
To compute the plate resistance from "Figure 5 
for values of E, other than O use this relation- 
ship to secure the effective value of E,. If the 
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PERCENT AA 


A CURVE THAT SHOWS THE PERCENT MU AMPLIFICATION PER STAGE 


FIGURE 10: 


This curve shows the percent mu (of the tube) amplification which can be ob- 


tained per stage as the ratio of the coupling resistance to the plate resistance 1s varied. This 
shows both that mu is the maximum amplification which can be obtained per stage and that 
the amplification obtained approaches this value as the ratio of the coupling to plate resistance 


becomes very high. 


It also shows that the plate resistance should be kept low by keeping the 


plate voltage high. 


bias is—2 for example and E, is found to be 30, 
the mu of the tube 10, then the effective valuc 
of Ep is 30 — 10x 2 or 10 volts. Reference to 
Figure 5, then, will give R,.- 


(e) The amplification per stage is the ratio 
of the output voltage to input voltage consider- 
ing all of the output voltage to be impressed on 
the second grid. By definition (see (b) above) 
nEs = E, That is a variation in the grid 
voltage of Eş will produce mu times this varia- 
tion in E,. Therefore ip the alternating current 
component of the plate circuit in which we are 
interested is expressed by 


._ peg 
= p FÈ w 


For simplicity this can be understood best by 
referring to (1). Equation (4) is comparable to 
(1) except that alternating voltages and re- 
sistances are taken into consideration. In our 
case we have used non-inductive resistances so 
that their alternating current resistance is sub- 
stantially the same as the direct current resis- 
tance and this value of R can be substituted 
directly. However, r, is not equal to R, as 
was pointed out above but is approximately 
half R» To get r, divide R, derived from 


Figure 5 by 2. Eg’ is then the product of i, 
and R or 
Es’ = ipR= r si (5) 
the total amplification is the ratio of (5) and (E,) 
or 
Be oR 
å = Ee ~ R FE (6) 


This shows that r, must remain constant over 
the portion of the curve the tube is operated on. 
For the portion of this curve that is linear r, 
IS constant as computations will show. The 
alternating current plate resistance rp is the 
slope of the effectiv: plate voltage-plate current 


curve. This slope is 2 in the average tube and 
approaches the theoretical value 1.5 when the 
effective voltage 1s large in comparison with the 
potential drop in the filament. An inspection 
of Figure 8 will show that the slope is roughly 2. 
The curves in Figure 7 give a value of approxi- 
mately 1.1. The average low mu stage gives 
a value of about 1.25. 


(f) The reactance of a condenser X, is ex- 

pressed by 
1 8 

Xe = 2x íC 
where f is the frequency, C the capacity in 
farads, r = 3.1416 and X. is measured in 
ohms. The drop in voltage across this condenser 
is proportional to its reactance. This portion 
of the voltage across R is lost, only the drop 
across the leak being available for the second 
grid. If the leak is made large, say, .5 to 1 
megohm, then the difference in reactance of a 
.1 microfarad condenser to frequencies of from 
60 to 3,000 cycles will only be a relatively small 
proportion of the whole, A .5 microfarad coup- 
ling condenser is satisfactory for the average 
amplifier. 


(g) See chapter on detection in ‘Principles 
of Radio Communication” by J. H. Morecroft. 


(h) If a more perfect amplifier is wanted, one 
that will give amplification below 60 cycles, or 
one which will amplify direct current variations, 
a more nearly apcriodic amplifier can be made 
by eliminating the coupling resistance. In this 
case a ‘‘C’”’ battery having a voltage equal to E, 
plus E,’ should be connected where the coupling 
condenser normally goes (Ec’ being the bias 
wanted on the second grid). This then ‘‘counter- 
acts” the plate potential of the previous tube and 
pes a resultant negative value in addition. 

his will be aperiodic up to frequencies for 
which the reactance of the interelectrode capa- 
cities is appreciable. 


“A woman ts only a woman” the -— 
poet Kipling may write, “bul a 
good pipe is a crystal re- 
ceiver,” John Kott of 
Chicago paraphrases. 

He built the set 
for $1.50. 


ee 
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STUNT SETS 


Peculiar but Practical Receivers 
Built by Radio Fans 


> Kadel & Herbert 
Kadel & Herbert This miniature set, built in a toy piano by C. W. 
R. G. Fehrenz of Brooklyn can listen in on a G. Brown, may play the famous “Prelude” of 
prohibition lecture that issues from a set built Rachmaninoff—if the famous “Prelude” of 
in a beer-mug—if he wants to. Rachmaninoff is being broadcast from a studio. 
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Kadel & Herbert 

This miniature radio set was built in and about 

an ordinary matchbox by Edward Bessingcr of 

Elmhurst, N. Y. The crystal detector has been 

placed inside while the set ts tuned by sliding 
the cover on and off. 


Pas 
lade 


Px 
eh 
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Pacific & Atlantic 


b 


Kade) & Herbert, 


This one-tube scet built by F. G. Mathews of 

North Bergen, N. J., in which a simple regen- 

crative circuit is uscd, scarcely covers the whole 

of a man’s hand. Although the set has been 

compactly built there is little crowding of the 
instruments. 


To while away her spare moments while waiting to keep appointments, Miss ‘Addie 
Rolf of New York need merely to open her leather card case and listen in on what 
the wild ether waves are saying. But who would kecp Miss Rolf waiting? 
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CRITICAL WIRES IN A RECEIVING SET 


FIGURE 1: 


be as short as possible and that they be kept separated from other wires. 


When you connect up your receiver, it is essential that some parts of the wiring 


In the neutrodvne 


circuit (as shown above) the most critical wires are those shown in the wiring with small 


rungs crossing them. 
spaced for the best results. 


The wires shown in heavy black lines are less critical but should be 
All the other wires shown in the diagram may be bunched to- 


gether and run in a cable. 


Important Kinks in Wiring 


What wires to “bunch,” what wires to isolate 
and when to use spaghetti covering. 


By LOUIS W. HATRY 


N general “wiring” can be done in two 
ways and with two kinds of materials. 
First, there is bus-bar wiring which is 
square-rigged, a thing of geometrical 
beauty and nicety. And there is the 
popular “straight-line wiring.” The 
point of the latter is that it does not 
choose square corners or parallels; it 
eliminates care and accuracy. 

Both kinds of wiring can be done with 
stiff or flexible wire. 

The bus-wiring looks best if square 
or round bus-wire is used, covered (or 
not) with spaghetti. 

The straight-line wiring, which is the 
simplest, may be done either with stiff or 
flexible wire, but the flexible wire is easi- 
est to handle so it therefore fits in with 
the nature of the straight-line job. 

It is but natural that the bus-wiring is 
generally preferred. It is a beautiful 
way to connect up, if it is done properly. 
Done improperly it will make a maze that 
is fairly dizzying. To avoid the maze 


requires a little thought in looking for 
short-cuts that require a minimum of 
bends. 

Don’t let the difference between square 
and round bus-wire bother you insofar 
as losses are concerned. Choose one or 
the other only by your preference in ap- 
pearance. The writer, for instance, likes 
best and almost consistently uses square 
bus-wire. But he has met many people 
who like round bus-wire for no other 
reason than its appearance. 

For the same reason, use—or don't 
use—spaghetti. In the audio-frequency 
circuits spaghetti cannot matter. In the 
radio-frequency circuits it will not make 
much difference if you take the necessary 
precautions of spacing the wires properly. 
Its loss can only be a dielectric one. 

The size of the bus-wire should not 
bother you. In self-supporting wiring, 
the wire must be of sufficient size and 
of the proper material to have the re- 
quired stiffness, rigidity, for self-support. 
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In straight-line wiring the wire may be 
relatively small. 

There are rather radical differences in 
the necessary methods of wiring of the 
radio-frequency circuits of a receiving 
set and the audio-frequency and direct 
current circuits. The two divisions of 
radio-frequency and audio-frequency are 
sufficient for discussion here. 

A five-tube circuit, with two stages 
of tuned and neutralized radio-frequency 
amplification, with a vacuum tube de- 
tector and two stages of audio-frequency 
amplification will be taken as an ex- 
ample. 

In Figure 1 are shown the radio-fre- 
quency circuits of the set mentioned. 
Some of the connections are crossed with 
little rungs, some are left plain and still 
others heavily lined. Differentiation was 
necessary, the reason for which will later 
become apparent. 
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Jo Bt DETECTOR 


The coils, it must be mentioned, should 
be mounted in a clear space with no wires 
run through them or near them if such 
can be avoided. If a wire must come 
near, do not let it come nearer than one- 
half inch. j 

As most of us choose bus-wiring be- 
cause of appearance and in spite of 
added capacity, respect for the capacity 
it does add should make us take the nec- 
essary precautions to see that the ca- 
pacity 1s kept low. 

The condenser, in turn, must be 
mounted away from the coil for two rea- 
sons; first, to keep the capacity relation 
low and, second, to keep eddy-current 
losses down. 

Both effects are important. 

Those leads that are at highest radio- 
frequency potential difference to the 
grounded parts of the circuit are marked 
by the tiny rungs. These leads should 


HOW TO WIRE A TWO-STAGE AUDIO-FREQUENCY AMPLIFIER 


FIGURE 2: 
wiring up an amplifier such as this. 


The author tells in this article some of the precauttons that should be taken in 
One of the important points ts to bunch the filament 


circuits and ‘‘B” battery wires. 


128 POPULAR RADIO 


> ke 5 


EPE IEIRA I T, “o 
4HORDARSON 
OUTPUT POWER 

ey, TRANS ORMER 


Mr far 


> A 
+ 


7 $ R ~~ 
wa & P—~§ Ae 
7 s 
D 


s TE Bt | 
THORD RSUN 
INPUT (LOWER 
ier MAN Ree 


eier e 


- 


g 

N 
NI 
~ 
> 
=~ 

= 
> 
.- 
= 
— 

= 
= 
— 

zZ 
= 
A 
A 
R-S 
l 


a es ae 


A NEATLY WIRED RECEIVER 


FIGURE 3: Notice that the regular square bus-bar type of wiring is used and-notice how 
neat are the right angle turns. SO 


be short. They should cross others at as The leads of next importance are the 
nearly right-angles as possible. These heavy lines of Figure 1. In general these 
leads should be well separated from any leads carry radio-frequency current or 
leads that they parallel. are at some radio-frequency potential 
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Fictre 4: This picture shows how the diagram in Figure 2 was used for witing up the 
two stages of transformer-coupled amplification. 


A 


FIGURE 5: Notice that the wiring of the filament circuits of all the tubes is run together in 


a bunch. 


IMPORTANT KINKS IN WIRING 


A TWO STAGE AMPLIFIER 
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SKELETON OF A TUNED-RADIO-FREQUENCY SET 


This is what the author refers to when he speaks of ‘‘bunch-wiring. 


130 


AN EXAMPLE OF GOOD WIRING 


FiGurReE 6: This picture illustrates the layout and 

wiring for one stage of tuned-radto-frequency 

amplification with regenerative detector and two 

stages of transformer-coupled audio amplification. 

wiring is done with square bus wire, and 

spaghetti is used only where absolutely necessary 
to prevent short circuits. 
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Another Hoffman Chart 


In Popucar Rano for next month—March— 
will appear No. 14 of the series of computation 
charts designed for the practical guidance of 
the experimenter who designs and builds his 
oun sets. This chart will give a simple and 
accurate method of calculating the inductance 
of toroid coils. 


above the grounded parts of the circuit. 
They should also be as short as possible, 
and they should be well separated. Such 
leads should be separated by a distance 
of about an mch when run parallel. 

The leads of which the length is least 
important and of which the relation to 
each other is entirely unimportant, are 
marked in light black. This is because 
they are at ground radio-frequency po- 
tential—zero. They are of a definite po- 
tential, however, in relation to the 
“runged” connections. It is sometimes 
convenient to run these “ground wires” 
all together. In the analysis of the cir- 
cuit from a radio-frequency standpoint 
the “B” battery leads to the coils are con- 
sidered to be at zero potential although 
they do have a definite DC potential. 

Next look at the circuits in Figure 2. 
These are the audio-frequency circuits 
of a five-tube set. Every lead shown car- 
ries current vibrating at audible frequen- 
cies or rather some audio-frequency po- 
tential with respect to other parts of the 
circuit. 

As installed in the average radio re- 
ceiving set the leads to the audio-fre- 
quency circuits are usually kept short. 

Very short leads in an audio-frequency 
amplifier are not nearly as important as 
in the radio-frequency currents. 

Spaghetti on the wiring adds no losses 
in an audio-amplifier. The filament or 
DC wiring should generally be run along 
the sockets close to the baseboard. This 
will leave more room for the remainder 
of the wiring. Leads can be taken off 
to the rheostats and filament terminals. 
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HOW WATTAGE aC FIGURED WHEN RESISTANCE AND 
OLTAGE ARE KNOWN 


The effective resistance of four resistances that are connected in parallel is 5 ohms 

which is obtained by adding their reciprocals or 1/20 which will equal 4/20 and then 

dividing this answer into one. The quotient is 5 ohms. This 5 ohms is added to 

the 20 ohms at the left with which the four parallel resistances are in series. The 

total effective resistance of this circuit ts then 25 ohms. The text explains the rest 
of the problem. 


HOW A CRYSTAL RADIO 
RECEIVER WORKS 


Chalk Talks in Radio—No. 4- 


This is the fourth article of the series. The preceding articles 

were “Ohm’s Law in a Nutshell,” “Watts Law in a Nutshell” 

and “What Current Means in Radio.” Keep these articles 
for reference 


By J. W. GOOSTREE 


HE answer to the problem in the last 
chalk talk is as follows: 
50 volts divided by 25 ohms equals 
2 amperes. 
2 amperes times 50 volts equals 100 
watts. 
100 watts then is the power that was 
represented in the electrical circuit that 
contained a number of resistances. 
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In this talk we will confine our conver- 
sations to radio proper. 

We will put a simple radio receiving 
set on the table, and pull it apart. 

First, we'll lop off the antenna and put 
it in the upper left-hand corner of Fig- 
ure 1. This symbol looks like the letters 
“T” and “V” placed upon one another. 

The antenna is that part of a receiving 
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set that reaches out into the ether, gath- 
ers in the high-frequency current and 
leads it down through the entrance switch, 


through the primary of the loose coupler, . 


and into the ground. 

The symbol for electrical “ground” or 
“earth” is a vertical line with a few short 
horizontal lines underneath it. This is 
shown to the left at the bottom of Fig- 
ure l. 

We spoke of loose couplers and high- 
frequency current, a moment ago. In the 
coupler the current leaves the primary 
which is at P in Figure 1, and passes into 
the secondary winding at S. How does 
this happen? 

It is like this: 

When some broadcasting station is 
sending those high-frequency waves that 
fly around everywhere at the speed of 
light until some of them run into one of 
the thousands of antennas that are almost 
as conspicuous today as telephore lines, 
they induce in the antenna the electric 
impulses that flow down the lead-in wire. 
They come to the primary of the loose 
coupler, and rush through its windings. 
This causes a sympathetic electric wave 
motion through the secondary circuit, but 
in this case the impulses are caught like 
rats ina trap. Then, here they go along 
the winding, and over the other wires 
toward the detector. 

When they start through the crystal 
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detector, it becomes “peeved,” and throws 
a “caloric fit.” The detector in its refusal 
to allow these impulses to flow through 
in one direction. totally forgets about the 
impulses from the opposite direction, and 
they slip past the unsuspecting crystal. 
One-half of these impulses then dashes 
into the condenser, like fiddler crabs into 
the sand. 

And blam! before they discover they 
can’t get through the dielectric, the micro- 
farads kick them out, heels over heed. 

So, into the windings of the receiver 
they go, pellmell, and mad as hornets 
because the microfarads kicked them out 
of the condenser. They hit the ohms in 
the receiver coils like Yale’s eleven hitting 
Harvard’s defense line in a football 
championship game. 

The ohms do their best to stop the 
milliamperes mad onslaught, but they 
find it impossible. The milliamperes over- 
come the ohms’ resistance and on they 
go through the very heart of the tele- 
phone coils. This turmoil going on all 
around the cores of the coils makes them 
nervous and shaky. This attracts the at- 
tention of the telephone receiver’s dia- 
phragm and it vibrates in sympathy with 
the cores, but in so doing never shirks its 
own duty, which is the changing of the 
electric impulses into sound waves. That 
is the drama that goes on inside a simple 
radio circuit. 


A SIMPLE RADIO RECEIVING CIRCUIT 


P represents the primary of the loose coupler and S the secondary. 
The symbol in the center is used to represent a crystal detector; the short parallel 
lines at the right designate a fixed condenser; and the two coils at the extreme right 
are symbols for headphones, 


Ficure 1: 


United 
HOW THE APPARATUS 
LOOKS IN USE 


The rectangular leather-covcred box shown on 
the desk above contains the microphone that 
hicks up the sound vibrations of the voice and 
converts them into electrical energy. Current ts 
drawn from the four dry cell batteries. The 
picture on the right shows how the receiver is 
held close to the sensitive skin of the palm of the 
hand so that the vibrations may be casily heard. 
Professor Robert H. Gault, the inventor, ts 
shown experimenting with the apparatus. 


Helping the Deaf to Hear 
Through Their Hands 


O restore the ability to “hear” to 

those who are deaf, a specially con- 
structed telephone that purposes to pro- 
vide new ears for them in the palms of 
their hands has been developed by Pro- 
fessor Robert H. Gault of Northwestern 
University. 

The basis of his device is to convey vi- 
brations of sound by mechanical means 
to a sensitive skin area, where they may 
be felt and translated back into words. 

The apparatus, (as is shown by the il- 
lustration reproduced on this page), is 
simple. A microphone operated by dry 


cell batteries picks up the sound of the 
voice and transmits it to a telephone re- 
ceiver which is placed in the palm of the 
hand. The vibrations are then carried to 
the sensitive surface of the skin through 
the diaphragm of the receiver. 

Previous experiments along this line 
have shown that persons who are totally 
deaf may “hear” and enjoy musical vibra- 
tions such as those obtained by placing the 
fingertips upon the sounding-board of a 
piano; but this is thought to be the first 
time that the sense of touch has been used 
to interpret the vibrations of speech. 
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A WASTEFUL METHOD FOR CONNECTING GRID RETURNS 


FIGURE 1: This diagram shows a poor method, from an efficiency standpoint, of connecting 
the grid returns of a radio-frequency amplifier. Notice that they ase connected to the posi- 
tive filament terminal which produces a large drain on the “B” batteries. 


How to Cut Down 
Your B Battery Bill 


Do your “B” batteries run down quickly? If they do— 
read this article. It tells how to reduce the drain on your 
“B” batteries and at the same time get better reception. 


By EDGAR H. FELIX 


CONOMY of operation is rarely 
viewed with the same importance 
as selectivity, sensitiveness and volume 
when a new radio receiving circuit is de- 
cided upon. Yet, by the observance of 
a few simple precautions, it 1s possible 
to cut the “B” battery bill almost in half, 
without sacrifce of any of the other de- 
sirable qualities of the ideal receiving set. 
Before analyzing several, of the most 
widely used circuits, it is desirable to un- 
derstand why “B” battery current in a 
receiving circuit mav be reduced, without 
loss of volume or sensitiveness. Then 
the reason for the slight circuit changes 
suggested will be at once clearly ap- 
parent. 
The useful output of any vacuum-tube 
circuit are radio-frequency or audio-fre- 
quency variations in the “B” battery cur- 


rent. A vacuum-tube amplifier should 
increase the relative intensity or ampli- 
tude of these variations, whether of audio 
or radio frequencies, without affecting 
their frequency. 

The output of the “B” battery is, in 
effect, a direct-current carrier, passing 
through the plate circuit of a vacuum 
tube. As small voltage variations are 
impressed upon the grid, the plate cur- 
rent, drawn from the “B” battery 
through the meshes of the grid, is caused 
to vary but to a much greater degree 
than the impulse supplied to the grid. 
Hence we have an amplified reproduction 
of the current in the grid circuit im- 
pressed upon the direct current passing 
from the “B” battery through the tube. 

The amount. of “B”? battery current. 
therefore, need not be larger than is 
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necessary to accommodate these varia- 
tions. 

An analogy may make this clear: 

Suppose you were attempting to com- 
municate signals-by means of waves in 
a trough. By splashing the surface of 
the water with a paddle at one end of 
the trough, it would convey, by means 
of the ripple making its way to the other 
end, a visual signal. The amplitude or 
height of the ripple might be but half an 
inch, As long as the water were at least 
half an inch deep, you could communi- 
cate half-inch ripples to the other end. 
There would be no improvement in this 
primitive communication system if the 
depth of the water were increased to two 
or six feet. - 

The water, in this analogy, represents 
the plate current; the paddle, the grid; 
and the ripples, the fluctuations or useful 
output of the tube. 

Wastefulness of “B” battery current 
is the result of passing six milliamperes 
through a vacuum tube for the purpose 
of accommodating fluctuations corre- 
sponding only to a half a milliampere. 

There are three simple methods of re- 
ducing plate current: 

First, by maintaining the correct po- 
tential relationship between grid and fila- 
ment through the use of a “C” battery 


JO OQ 
Ly a 
QOQOQ 


L4 


+ 
ele 
B-45V 


T 


135 


or by utilization of the negative drop 
across the rheostat in the negative fila- 
ment lead; 

Second, by employing the lowest-plate 
voltage which gives good resuits; 

Third, by regulation of the filament 
current to the minimum which maintains 
good quality of reproduction. 

The elements of any multi-tube radio 
receiver may be generally classified into 
three general parts: 

(1) Those handling radio-frequency 
currents ; 

(2) Those concerned with rectifica- 
tion; 

(3) Those devoted to amplification of 
audio-frequency currents. 

Economy measures of a different na- 
ture are applicable to each of these gen- 
eral elements of radio receivers. 

In reflex circuits these functions are 
combined in whole or in part and con- 
sequently the same economy measures, 
which can be applied to receivers having 
these circuit elements separated, cannot 
be incorporated in most reflex circuits. 
Reflex circuits depend for their economy 
on the fact that fewer tubes are required 
to do the same work rather than on in- 
dividual economy per tube. 

Negative biasing cannot always be ap- 
plied successfully to the radio-frequency 
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THE CORRECT GRID RETURN SCHEME 


FIGURE 2: 
return to a negative return. 


This diagram shows you how to change the grid connections from a positive 
Notice that in both cases the grid return wires are connected to a 


toint between the rheostats and the filament terminal, thus reducing the drain on the “B” 
battery considerably by making the grids more negative. 
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A SUPERHETERODYNE THAT CONSISTS OF TWO DETECTORS, THREE 
INTERMEDIATE-FREQUENCY RADIO AMPLIFIERS, AN OSCILLATOR AND 
ONE STAGE OF AUDIO AMPLIFICATION 
FiGurE 3 (ABOVE): This circuit is exceedingly wasteful of “B” batteries and would cause 


them to run down in a month or so. See Figure 4 for the information that would cut down 
the drain on the batteries. 
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THE CORRECT HOOK-UP 


FIGURE 4 (BELOW): This diagram is a revised edition of that shown in Figure 3. Notice 
that two “C” batteries are incorporated—one in the grid circuit of the oscillator and one in 
the grid circuit of the audio amplifier. Notice that the three radio-frequency amplifiers also 
have their grid returns connected to the 1\3-volt “C” battery. This cuts the drain on the 
totat circuit approximately in half when considered from a “B” battery standpoint. 
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THE CONNECTIONS FOR THE NEUTRODYNE WITHOUT “C” BATTERIES 
AND WITH POSITIVE GRID RETURNS 


FIGURE 5: 


This is a wasteful procedure and causes the “B” batteries to run down too 


quickly. The proper '‘over-all' connections are shown in Figure 6. 


amplifier operating on broadcast frequen- 
cies because, in unstable circuits, it will 
make the amplifier oscillate. The prin- 
cipal economy measure which can be 
taken advantage of in the radio-fre- 
quency amplifier is the use of compara- 
tively low plate voltage. 

Many receiving sets are equipped with 
a single, high-voltage binding post sup- 
plying the plate circuits of both radio 
and audio-frequency amplifier tubes. 
While high voltage is desirable to secure 
the utmost audio-frequency amplification 
of good quality, it is not essential to ef- 
fective radio-frequency amplification. 
Consequently, separate plate-potential 
binding posts for radio and audio-fre- 
quency amplifier tubes permit the use of 
45 volts on the radio-frequency tubes 
and 90 volts on the audio-frequency am- 
plifier tubes, securing the greatest pos- 
sible economy without sacrifice of signal 
volume. 

In the case of neutrodyne circuits, 
however, because of the increased plate- 
circuit impedance resulting from reduced 
plate voltage, there is loss of signal 
strength during long distance reception 
when 45-volts plate potential is used in- 
stead of 90. For local reception this is 
not a disadvantage. As most listening is 
done with local stations it is desirable 


to have easy means at hand for changing 
plate voltage as required by receiving 
conditions. A good test clip on the radio- 
frequency “B” battery lead makes it a 
matter of a moment to change the plate 
voltage from 45 to 90, when long dis- 
tance work is attempted. This slight ef- 
fort amply justifies itself in the longer 
life secured from “B” batteries, if only 
45 volts is used during local reception. 

One measure can be applied to any 
neutralized radio-frequency circuit, with- 
out likelihood .of causing self-oscillation. 
The grid return, leading from the sec- 
ondary inductance to the filament, should 
be connected with the negative filament 
lead, between the rheostat and the nega- 
tive side of the “A” battery. In this way 
the small potential drop across the fila- 
ment rheostat is utilized in reducing the 
plate current. In a normally stable cir- 
cuit this amount of negative drop is not 
sufficient to cause self-oscillation, yet it 
is sufficient to reduce the plate current 
to a measurable extent. 

Figure 1 shows two stages of neu- 
tralized tuned-radio-frequency connect- 
ed so that it draws 12 milliamperes, and 
Figure 2 shows the same amplifier re- 
wired with the result that plate-current 
drain is reduced to about 9 milliamperes. 

Radio-frequency circuits depending 
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upon a potentiometer to prevent self- 
oscillation are inherently wasteful be- 
cause the function of the potentiometer is 
to place a positive bias upon the grids, 
which greatly increases the plate current. 
There is no remedy for this, inasmuch 
as even a small negative bias causes this 
kind of amplifier to oscillate continu- 
ously. 

The use of moderate filament bril- 
lancy, by cutting down filament current 
with the rheostat, not only reduces plate 
current to a marked degree but prolongs 
tube life and conserves filament current. 
The radio-frequency amplifier, handling 
as it does minute currents, is not improved 
in its effectiveness by heavy filament 
emission. Many receivers are therefore 
equipped with two filament rheostats— 
one for the radio-frequency tubes and 
the other for detector and audio-fre- 
quency amplifier tubes—so that great 
economy is attainable in the radio-fre- 
quency amplifier, while maximum volume 
output 1s at the same time secured from 
the audio-frequency end of the receiver 
through the use of greater filament cur- 
rent. 

With receivers equipped with a single 
rheostat for all tubes it is necessary to 
increase the filament current for all 
tubes to the maximum required by the 
last stage of audio-frequency amplifica- 
tion. Since successive stages of amplifi- 


cation have made the variations in the 
last amplifier circuit large as compared 
with those in the first tube of the re- 
ceiver, there is obviously, as the analogy 
in the earlier part of this article pointed 
out, a considerable waste of plate-battery 
current to use as much filament current 
in the radio-frequency end of the set as 
in the audio. On the other hand, reduc- 
tion of plate current to an amount less 
than that required by the variations in 
the audio-frequency amplifier results in 
distortion. Two filament rheostats over- 
come this wasteful practice. 

One habit of inexperienced listeners 
when receiving an excessively loud sig- 
nal from a nearby broadcasting station 
is to reduce volume by detuning. Vol- 
ume can be reduced just as effectively by 
reducing filament brilliancy with the fila- 
ment rheostat, resulting in saving of 
“B” battery, “A” battery and tubes. De- 
tuning, on the other hand, is equivalent 
to the practice of a motorist who attempts 
to reduce the speed of his car by step- 
ping on the brakes, with the throttle still 
open! 

The most economical method of con- 
necting an intermediate-frequency am- 
plifier in the superheterodyne is dis- 
cussed when that circuit is taken up in 
detail. 

To secure the greatest sensitiveness in 
the detector, it is necessary to place the 
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AN EFFICIENT NEUTRODYNE CIRCUIT 
FIGURE 6: In this diagram the grid returns cre connected to the negative sides of the fia- 


ments in the radio-frequency amplifier and the two audio-frequency amplifiers are de 
Notice, however, that on the detector a positive 


with a negative “C” battery of 414 volts. 


provided 


grid return is correct. 


filament rheostat in the negative lead and 
to connect the grid return from the sec- 
ondary inductance directly with the posi- 
tive filament lead. Low plate voltage, 
however, is not only possible but desir- 
able. Although the UV-201-a tube will 
operate satisfactorily as a detector with 
90 volts on the plate, the most effective 
voltage is either 2214 or 45 volts, accord- 
ing to the characteristics of the particu- 
lar tube. 

The “C” battery should be installed in 
every audio-frequency amplifier. It not 
only substantially reduces operating costs 
but improves quality of reproduction as 
well. The negative terminal of the “C” 
battery goes to the grid return and the 
positive to the negative filament lead. 

As an indication of the saving which 
this useful battery can achieve, its in- 
stallation in a Crosley Trirdyn, for in- 
stance, reduced the plate current from 13 
to 5 milliamperes; a Teledyne set has its 
total plate current dropped from 11 to 5 
milliamperes. 

In view of the long shelf-life attain- 
able with modern “B” batteries, particu- 
larly in the larger sizes, reduction of 
plate current results in proportionate sav- 
ing of “B” battery operating cost. There- 
fore any measure of economy, even with 


a set drawing but little plate current, is 
highly desirable. Now let us consider the 
principal kinds of receiving sets to which 
the economies outlined may be applied. 

The simple regenerative receiver with 
two stages of audio-frequency amplifica- 
tion is most economical when: 


l. The lowest effective voltage is used on 
the detector tube, through a separate “B” bat- 
tery binding post for the purpose. 

2. The lowest effective plate voltage is ap- 
plied to the amplifier tubes to secure satisfac- 
tory volume and quality, through a separate 
binding post for the amplifier tube “B” battery 
supply. 

3. 4⁄2 volts negative bias is applied to the 
grids of the audio-frequency amplifier tubes. 

Tuned-radio-frequency circuits, wheth- 
er neutralized according to the Hazel- 
tine method or otherwise, are most eco- 
nomical when hooked up as shown in the 
illustration, which embodies the follow- 
ing features: 

1. Separate binding posts for detector, radio- 
frequency and audio-frequency amplifier plate 
voltage, permitting the use of the lowest ef- 
fective voltage in each circuit. 

2. Grid return of radio-frequency tubes con- 
nected to negative “A” battery. With the fila- 
ment rheostat in the negative filament leg. 


3. 4% volts “C” battery for audio-frequency 
amplifier tubes. 


All plate voltages should be adjusted 
to the lowest effective operating point. 
Sometimes only 45 volts is required for 
all tubes when listening to local stations 
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while best long-distance work is done 
with 90 volts. In that case the “B” bat- 
tery lead should be equipped with a test 
chp so that these changes may be made 
conveniently and quickly. 

The superheterodyne circuit is more 
widely abused than any other. Some 
home-made superheterodynes have been 
found which draw as high as 100 milli- 
amperes! Yet the fullest capabilities of 
this circuit may be taken advantage of 
with a receiver drawing but 20 milli- 
amperes or even less from the “B” bat- 
tery. There is no good reason why a 
superheterodyne should draw substan- 
tially more current than this, and if you 
have one which does so it is well worth 
while to consider the following economy 
measures : i 


l. In the oscillator: (a) Do not use more 
than 45 volts plate potential; more than this is 
wasteful and unnecessary; (b) Use 1% volts 
negative bias on the grid return; this sub- 
stantially reduces the current drain of that 
part of the receiver. 
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2. In the detector circuits: (a) Do not use 
excessive plate voltages; 22% is often suff- 
cient; more than 45 is wasteful. 

3. In the intermediate-frequency amplifier: 
(a) Do not use more than 45 volts plate poten- 
tial; many superheterodynes use 90. (b) Use 
1% volts negative bias on the grids; this re- 
sults in substantial savings. 

4. In the audio-frequency amplifier: (a) Use 
4%% volts negative bias on the grid; (b) Use 
only as much plate potential as is necessary to 
secure satisfactory operation. 

The circuits for two superheterodynes 
are shown, one as it is oftes built by the 
home constructor, and the other taking 
advantage of every possible economy. 
The first superheterodvne drew nearly 
40 milliamperes; the second only 18. 
That ratio is somewhat better than cut- 
ting the “B” battery bill in half. 

Although it would be possible to show 
specifically the changes necessary in a 
great variety of circuits to secure the 
utmost economy, the same principles 
which have been illustrated in the ex- 
amples so far given can be applied to al- 
most any circuit. 


What a Straight-line Frequency 
Condenser Really Is 


IF you want to know all that goes into the production of a con- 
denser with true straight-line frequency characteristics, what is 
the true worth of a low minimum capacity—and what “straight-line 
frequency” really means, read the article on this subject in a 

near issue of PopuLaR RADIO. 
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HOW TO BUILD THE NEW 


Orthophase Radio Receiver 


In this article is described for the first time a circuit development that 

utilizes a new principle in radio-frequency amplification. The incorporation 

of this new principle in a radio receiver makes possible great sensitivity; 
combined with both sharp tuning and ease of operation, 


By RICHARD J. GRIFFITH 


Cost or Parts: Not more than $55.50 
RECEIVING RANGE: Country-wide reception 


HERE 18 A LIST OF THE Parts USED IN THE 
LABORATORY SET— | 


A—General Radio variometer, type No. 269; O1, O2, O3 and O4—Universal sockets; 
B, C and D—grid coil, auxiliary coil and plate P—Carter last stage filament control jack 


coil of Precision Orthophase coil set No. No. 103; 

300; Q—National velvet vernier dial, type B; 
E and F—Hammarlund S. L. F. condensers, R1 and R2—Century 3-inch dials; 

0005 mfd. ; T—composition panel, 8 by 22 inches; 
G—Aerovox fixed condenser, .00015 mfd.: U—hardwood baseboard, (furnished with cab- 
H—Amertran audio transformer, type AF 6, inet ) ; 

(5 to 1 ratio); V—Corbett special Popular Radio sloping-panel 
I—Pacent superaudioformer No. 27; cabinet; 

J—Daven resisto-coupler, (new type which has W—small brass brackets. (See Figure 12); 

.1 mfd. condenser concealed in base); X1—Antenna connection block, 1 inch by 
K1—Durham or Dubilier resistance .25 megohm; inches. (See Figure 12); 

K2—Durham or Dubilier resistance .5 megohm; X2—battery connection block, 1 inch by 9 
L—Rasla_ fixed crystal detector ; inches. (See Figure 12); , 
M—FElectrad grid-leak holder; Y1 and Y2—large brass brackets. (See Fig-. 
N1i—Amperite No. 1A (14 ampere); ure 12); 

N2—Amperite No. 1 (1 ampere) ; Seven Eby binding posts. 
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THE HOOK-UP FOR THE ORTHOPHASE RECEIVER 


FIGURE 1: 


Notice that all of the symbols for the instruments bear designat- 


ing letters which reappear in the list of parts and throughout the text and 


the following illustrations; 


this eliminates the possibility of mistakes in 


construction and wiring up. 
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set, from which these specifications were made up. 
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Og 


The experienced amateur, 


q; list of parts here given includes the exact instruments used in the laboratory 


however, will be able to pick out other reliable makes of instruments of similar 


characteristics and equal efficiency. 


But we recommend that the novice follow the 


list, as the diagrams in this article will tell him exactly where to bore the holes and 

exactly where to place the connections. If instruments other than the ones used in 

the original model are used, the only change that will be necessary will be the use of 

different spacings for the holes that are to be drilled in the panel for mounting the 
instruments, 


HE radio fraternity in general, in- 

cluding engineers, experimenters 
and those to whom radio is a source of 
amusement and education, are almost 
unanimous in placing quality of reproduc- 
tion at the top of the list of the most 
essential factors in deciding whether a re- 
ceiver is good, fair or bad. 

While truthful reproduction is essen- 
tial, there is another property which might 
he considered equal to it in importance, 
and without which a receiver is valueless, 
no matter how beautifully it may repro- 
duce the transmitted music or voice; the 
ability to select one station and to re- 
produce the broadcasting from that sta- 
tion, without the “background” of sounds 


emanating from some other unwanted sta- 
tion. For no matter how clear the tone 
quality of a receiver may be, it will be 
wasted if the music from two or more 
stations is jumbled together into a mass of 
dissonant noise. 

In addition to tone quality and selectiv- 
itv, there are, of course, other things to be 
considered in building or purchasing a 
receiver. These include sensitivity, or 
the ability to pick up weak signals, ease 


of operation and, in the case of a home- 


“uilt outfit, it is desirable that a receiver 
be as simple and as easily built as possible. 

The Orthophase receiver was de- 
signed with the purpose of securing tone 
quality and selectivity, for these two are 
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THE AUTHOR TESTS OUT THE FINAL MODEL 
Figure 2: One of the completed receivers set up in the laboratory for final test and 
calibration. Other receivers built in a similar manner by experimenters should tune at 
approximately the same dial settings. 


the most important of all the properties 
of a receiver. 

Several factors help to guarantee faith- 
ful reproduction in this receiver. In the 
first place, the signal is detected or recti- 
fied by a crystal detector, which, as is 
well known, gives a true tone-portrait of 
the original broadcast sound. This is due, 
of course to the linear characteristic of the 
crystal rectifier. After rectification the 
signal must be amplified and of course the 
true characteristic of the rectified signal 
must be preserved during amplification if 
we are to have life-like tone-quality deliv- 
ered by the loudspeaker. The amplifying 
system of the Orthophase has been de- 
signed to fulfill these conditions as nearly 
as possible. The audio-amplifying system 
comprises two transformer stages and one 
_resistance-coupled stage. While an old- 
type transformer has been used in the first 
stage, no detrimental effects are observed 
by its use, as it follows the crystal detec- 
tor and so is not subject to overloading, 
or saturation of its core, as there is no 
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direct current flowing through its pri- 
mary, which would be the case were it 
connected in the plate circuit of a tube. 

In the second stage, one of the new- 
type large-sized transformers is used, to 
enable the handling of the higher power 
present in this stage. This transformer 
is designed to amplify all frequencies 
equally, having an especially large core to 
withstand saturation, and a high primary 
impedance so as to amplify the low tones 
as well as the higher ones. These two 
points, in connection with correctly de- 
signed secondary distributed capacity and 
so forth, give a high-voltage amplifica- 
tion, while preserving all the characteris- 
tics of the original sound. 

The last audio stage is resistance- 
coupled, and of course, is also a quality 
amplifier. To enable the handling of the 
great power and volume at this stage a 
power tube is used. This avoids overload- 
ing of the last tube, which is the cause of 
much distortion in many amplifying sys- 
tems. 
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The selectivity of the Orthophase Re- 
ceiver is due in a large measure to the 
extremely loose coupling of the receiver 
to the antenna system and to the use of 
low-loss, low-resistance coils in the radio- 
frequency amplifying system. 

The receiver also is extremely sensitive. 

Another important item is ease of op- 
eration, especially to those who consider a 
radio receiver primarily as a musical in- 
strument. 

The wavelength is controlled by the 
middie dial, which may be calibrated and 
logged. The right-hand dial may be used 
to control the volume, or its position can 
also be logged, as this dial may always be 
set at approximately the same point as the 
middle or wavelength dial. The left- 
hand dial is used to tune the antenna cir- 
cuit and is not critical in its adjustment. 

Inasmuch as several principles not 
commonly used in radio receiving enter 
into the operation of the Orthophase re- 
ceiver, it may be well to consider briefly 


. the theory of its action. 


Features of the Recciver 


In Figure 1 it will be noted that the variom- 
eter A is in the antenna circuit and is coupled 
loosely to the grid-coil B. When a radio wave 
from a broadcasting station strikes the antenna 
it sets up a high-frequency oscillating current 
in the antenna circuit consisting of the variom- 
eter A, condenser G, antenna and ground. As 
the grid-coil B is coupled inductively to the 
variometer A, a high-frequency current will be 
set up in the oscillatory circuit that consists of ` 
the grid-coil B and the variable condenser E, 
providing this latter oscillatory circuit is tuned 
to resonance with the antenna circuit and the 
signal being received. This operation, of course, 
is identical with that of practically all modern 
receivers. 

It will be noted that the grid of tube O1 is 
connected to the upper end* of grid-coil B, 
while the grid of tube O2 is connected to the 
lower end of the same coil. As, at any one 
instant, the two ends of a coil in which an 
alternating (or oscillating) current is flowing 
are at opposite potentials, it will be apparent 
that at the instant when the grid of tube O1 is 
positive the grid of tube O2 will be negative, 
and vice versa. This means that when the 
plate-current flow of tube O1 is increased due 
to its grid becoming positive, the plate-current 
flow of tube O2 is decreased due to its grid 
becoming negative. It is, of course, apparent 
that when the grid of tube Ol becomes negative 
and the grid of tube O2 becomes positive, the 
plate-current flow of tube Ol is decreased and 


THE FRONT VIEW OF THE NEW RECEIVER 


FIGURE 3: How the set looks from the front. As the dials and knobs are marked with 

letters which correspond to the instruments to which they are attached, the prospectt@ 

operator will have no trouble in locating the various tuning controls, as they are ex- 
plained in the instructions for tuning, 
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the plate-current flow of tube O2 is increased. 
In other words, the reception of a signal from 
a broadcasting station will simultaneously in- 
crease the plate-current flow of one tube and 
decrease that of the other, at one instant, and 
at the next instant will reverse the process. 
The frequency of these reversals will, of course, 
depend on the frequency of the signal being 
received. 

Considering the plate-coil D, it will be noted 
that the left* half of it 1s included in the plate- 
circuit of tube O1 and the right half is included 
in the plate-circuit of tube O2. This being the 
case, any variation of current in the plate- 
circuit of tube O1 will be effective upon the 
left half of the plate-coil D. This variation of 
current flowing through the left half of the 
plate-coil D will set up, by induction, a current 
of magnified voltage in the entire winding of 
the plate-coil D. Similarly, any variation of 
current in the plate circuit of tube O2 will 
affect the right half of the plate coil D, and 
will also set up a current of magnified voltage 
in the entire winding. From the foregoing it 
will be seen that the plate-coil D is the equiva- 
lent of a transformer with a secondary and two 
primary windings. 

It is to be noted that the plate current of 
tube O1 flows through the plate coil D in the 
reverse direction to that of tube O2. This 
being the case, an increase of current in the 
plate circuit of tube O1 will induce in the plate 
coil D a current in phase with that induced by 
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a decrease in the current of tube O2, and vice 
versa. It is therefore evident that as the 
plate current of one tube is always increased 
when that of the other is decreased, the 
induced currents in the entire winding of the 
plate coil D will always be in phase and addi- 
tive. These combined currents are passed 
through the detector L and being rectified make 
themselves effective upon the primary of audio 
transformer H as a pulsating current. This 
induces a voltage of audio irequetiey in the 
secondary of audio transformer H, which is 
applied to the grids of tubes O1 and O2. It is 
to be noted that as grid coil B and auxiliary 
coil C have a relatively small amount of induc- 
tance and practically zero impedance to audio- 
frequency currents, the grids may be considered 
as being connected in parallel to transformer H 
when considering audio-frequency currents. 

The tubes Ol and O2 will therefore act as 
audio amplifiers in parallel, for as the plate 
currents of tubes O1 and O2 flow through the 
primary of transformer I in the same direction, 
the plates may also be considered as being in 
parallel when considering audio-frequency cur- 
rents. 

The secondary of audio transformer I is in 
the input circuit of tube O3, and since tubes O3 
and O4 act as straight audio amplifiers, no ex- 
planation of their operation is necessary. 


*It is to be noted that “upper,” “lower,” “right” 
and “left” refer in this case to the position on the 
Figure 1 and not on the receiver itself. 
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VIEW OF THE SET FROM THE REAR 


Ficure 4: This picture shows the general arrangement of all the instruments fastened 
to the panel or base. The exact locations for the instruments are shown in Figure 5. 
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AWING FOR CONSTRUCTION 


Figure 5: Here are shown. the correct positions for the instruments which are mounted 
on the baseboard. The positions are given center to center, for all instruments. 


So far we have not considered the action of 
auxiliary coil C, as it has been assumed that it 
was removed or short-circuited. We have noted 
above that the variations of plate current 
through the tubes Ol and O2, due to the in- 
coming signals, induced combined and magni- 
fied currents in the plate coil D, these currents 
being of the same frequency as the oscillations 
derived from the antenna circuit. It will be 
found that, due to the distributed capacity of 
the windings of audio transformer H, and due 
to the capacity between the windings, a great 
amount of this radio-frequency current from 
the plate coil D leaks into te secondary of 
audio-frequency transformer H, without being 
rectified. acm | 

It will be found that, at any one instant, if 
the grid of tube O1 assumes a positive charge 
(and consequently the grid of tube O2 assumes 
a negative charge) a potential of positive sign 
appears at the left-hand end of the secondary 
of audio transformer H. During the other half 
of the cycle it will assume a negative potential, 
it being noted that at any instant the radio- 
requency potential of terminal F- of trans- 
former H is the same as that of grid O1 and 
opposite to that of grid O2. 

To simplify matters we will consider the 
action of auxiliary coil C when the grid of 
tube O1 becomes positive and the grid of tube 
02 becomes negative. As the potential at the 
F- terminal of audio transformer H is the 
same as grid Ol, it will also be positive at this 
mstant. Now, in the absence of auxiliary coil 
C. this reflexed positive charge would be ap- 
Died directly to the grid of tube O2, whose 
potential at this instant is negative, due to the 
oscillations from the antenna. It will be seen 
that these potentials would tend to nullify or 
neutralize one another. 


Similarly, in the absence of the auxiliary coil 
C, the reflexed positive potential being applied 
to the grid of tube O1 through the resonant 
circuit comprising the grid coil B and the con- 
denser E, would have its sign reversed and 
would be applied to grid Ol as a negative 
charge. The grid O1 at this instant being 
positive, these potentials would nullify one an- 
other as in tube O2 

We will now consider the action of the re- 
flexed potential when the auxiliary coil C is 
included in the circuit. The reflexed radio- 
frequency potential at F- of transformer H, 
which we assumed to be positive at this instant, 
is applied to the grid of tube O2 through the 
resonant circuit comprising auxiliary coil 
and condenser F. This circuit, being resonant 
to the frequency of the reflexed radio-frequency 
current, will cause a considerable voltage to be 
built up, the phase of the reflexed radio- 
frequency current will be reversed, and instead 
of a positive potential, a higher negative poten- 
tial will be applied to grid O2, and as the grid 
of tube O2 is already negative (at this instant), 
due to the incoming signal, this reflexed poten- 
tial will reinforce the potential derived from 
the antenna. 

Similarly, the original reflexed positive po- 
tential will have its sign reversed to negative 
hy auxiliary coil C and reversed back to posi- 
tive by the grid coil B and will be applied as a 
magnified positive potential to grid O1, rein- 
forcing the positive potential already on grid 
O1 due to the incoming signal. 

With the theory of the action of the Ortho- 
phase circuit in mind, it is felt that it will be 
much easier to build and operate the receiver 
described in this article, and we may now pro- 
ceed with the actual construction. 

The schematic diagram is shown in Figure 1. 


148 


Parts Used in Building the Set 


In all the diagrams in this article each part 
bears a designating letter; in this way, the 
prospective builder of a set may easily deter- 
mine how to mount the instruments in the cor- 
rect places and connect them properly in the 
electric circuit. 

The same designating letters are used in the 
text and in the list of parts at the beginning of 
the article. (See page 142.) 


How to Construct the Set 


After procuring all the instruments and 
materials for building the sct, the amateur 
should prepare the panel T. (Shown in Fig- 
ures 4, 5, 6 and 7.) 

First of all, cut the panel to the correct size, 
8 by 22 inches. Then square up the edges 
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smoothly with a file. The centers for boring 
the holes which are necessary for mounting 
the instruments) should be laid out on the 
panel as shown in Figure 9, A convenient 
method for doing this is to lay out all center 
holes on a piece of paper the same size as the 
panel; then the piece of paper may be fastened 
on the panel and the centers marked directly on 
the panel by punching through the paper with 
a sharp, pointed instrument. 

If all the holes to be drilled are first started 
with a small drill, one sixteenth inch in di- 
ameter or less, they can be more nearly cen- 
tered. 

The holes outlined with a double circle 
should be countersunk, so that the flat-head 
machine screws used for fastening the instru- 
ments are flush with the panel. All the rest of 
Sizes for 


the holes are straight drill holes. 
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VIEW OF THE RECEIVER AS SEEN FROM THE RIGHT 


FIGURE 6: 


This end view shows the manner in which the panel ts held tn position by 


the large brass brackets, and a general scheme of mounting the condensers, the sockets, 
the transformers and the battery connection block. 
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VIEW OF THE RECEIVER AS SEEN FROM THE LEFT 


Ficure7: This illustration shows. the general manner of mounting the radio-frequency 
transformer, the vartometer and the antenna connection block. 


the diameters of these holes have not been 
given, but the builder will readily decide what 
size hole is necessary by measuring the di- 
ameter of the screws and shafts of the instru- 
ments that must go through the holes. _ 
_When the panel is drilled, the builder may 
give it a dull finish by rubbing the face of the 
panel lengthwise with fine sandpaper until it is 
smooth. This process should be repeated, ex- 
cept that light machine oil should be applied 
during the second rubbing. Then rub the panel 
dry with a piece of cheesecloth. A permanent 
dull finish will be the result. Or, the panel may 

left with its original shiny-black finish, if 
Care has been exercised, so that it has not been 
scratched during the drilling. 

\fter the panel has been prepared the ex- 
Perimenter is ready to mount the instruments 


On It, 


First, attach the fixed condenser G to the 
variometer A by inserting the screw through 
the condenser lug and into the threaded ter- 
minal lug nearest the front or panel end of the 
variometer. (See Figures 4 and 8.) 

Now, mount the variometer A on the panel T 
by means of two screws and nuts inserted 
through the panel. (Sce Figure 4). Make sure 
the two terminal lugs on the stator point away 
from the center of the panel (See Figure 8). 

Then attach the dial RI as follows: First 
turn the rotor of the variometer so that the 
front rotor lead points upward, then slip the 
dial onto the shaft, with the 100 mark opposite 
the indicating mark on the panel and tighten 
up the set screw in the dial. Next mount the 
variable condensers E and F on the panel, so 
that the rotor plates will swing upward when 
they are not meshed. (Shown in Figures 4, 6, 
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7 and 8). Now attach the dial R2 to condenser 
F by tightening the set screw in the dial, making 
sure that the 100 mark on the dial is opposite the 
indicating mark on the panel when the plates of 
the condenser are meshed. 

After this attach the vernier dial Q to con- 
denser E as follows: Fasten the stop pin, which 
is supplied with the dial, to the panel and then 
place the dial on the condenser shaft, making 
sure that the stop-pin engages the hole at the 
top of the dial on the reverse side. Then, with 
the condenser plates meshed and the dial set 
to the 100 degree mark, tighten up the set screw 
in the dial, making sure the dial is flush against 
the panel. 

This completes the construction work on the 
panel and the experimenter is ready to mount 
the instruments on the baseboard. The base- 
board is supplied with the cabinet, and it should 
be taken out and the instruments mounted on it 
as shown in Figure 5 which is the working 
drawing for construction. 

First mount the four sockets 01, 02, 03 and 
04 in their respective places as shown in Figures 
4,5, 6 and 7 with the F terminals at the front. 

Next attach the ampcrites N1 and N2 in their 
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respective placcs as shown clearly in Figure 5. 
All these instruments are to be screwed directly 
to the baseboard. Next fasten down the resisto- 
coupler J as shown in Figure 5. - Be sure -the 
terminal marked P is next the similarly marked 
terminal on socket 03. 

Next mount the grid coil B in the position 
shown in Figures 4, 5, 6 and 7, fastening it down 
with two small screws inserted through the 
holes in the brackets at the bottom of the coil. 
Be sure that the two terminals of the coil pomt 
away from the socket Ol. Now, mount the 
auxiliary coil C in the same manner, in its cor- 
rect position as shown by Figures 4, 5, 6 and 7, 
making sure that two terminals point to the 
right and the single terminal points to the left 
when looking at the rear of the set. (See Fig- 
ure 8). Next mount the plate coil D, by noting 
its position in Figures 4, 5, 6 and 7, with the 
terminals at the rear of the set, and pointing 
to the left, when looking at the rear of the 
Set. 

Now mount the grid leak holder M in its 
correct position as shown in Figures 4, 5, 6 and 
7, by screwing it down to the baseboard. Then 
mount the audio-frequency transformer H in 


THE PICTURE DIAGRAM FOR CONNECTING UP THE 
VARIOUS INSTRUMENTS 


The upper rectangle represents the panel and on it the instruments are 
drawn just as they appear. The lower rectangle represents the baseboard and the in- 
struments are drawn in about their relative positions. The wires drawn in heavy black 
lincs show the exact way to run the wires to connect the instruments and parts after 
vou have mounted them according to the instructions given. 


Ficure 8: 
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THE DRILLING PLAN FOR THE PANEL 
Figure 9: This drawing shows where to drill the holes for mounting the instruments. 
The correct spacings are given for the holes. The holes outlined with a double circle 
should be countersunk, Always start drilling holes in the panel with a small drill— 
one-sixteenth is a desirable size. 


place as shown in Figures 4, $, 6 and 7, being 
sure the terminals are pointing in the direction 
indicated in Figure 5. The Superaudioformer I 
is mounted in the same manner, with like atten- 
tion being paid to its terminals. 

When this is done, the work on the baseboard 
may be left for a while and the two connection 


blocks X1 and X2 (the dimensions of which are |. 


shown in Figure 12), should be prepared and 
the binding posts attached. The small brass 
brackets mav then also be screwed tight to the 
blocks and the jack P mounted on the larger 
block X2. i 

Now fasten down the two blocks X1 and X2. 
on the sub-base U by means of four screws m- 
serted through the brass brackets into the base- 
board. 
ure 5. as 

Then prepare the two large brass brackets 
Yl and Y2, which are to be used for attaching 
the main panci T to the base U at the proper 
angle; the dimensions for these angles including 
the drilling and bending are also shown in Fig- 
ure 13. Be sure that you have the angles made 
with the correct drilling holes and bends so that 
the pancl will fit evenly. Then mount the panel 
in position on the brackets. This had best be 
done by shipping the baseboard U in position in 
the cabinet with the brackets Y1 and Y2 at- 
tached and then fastening the panel in position 
with four screws. 

You are now ready to start on the wiring as 
the construction work is completed. 


Hox to Wire the Set 


The design of this receiver is such that the 
wiring of the grid circuit of cach of the four 
tubes is as short as possible and is isolated from 
the other parts of the circuit. In fact. this 
idea has been employed throughout and the 
leads are so arranged that the shortest connec- 
tions may be used. As this is the case, the 
set should be wired with bus bar. 

_ Either a tinned-capper, round bus-bar or an 
insulated round bus-har such as “Celatsite” may 


Their position may be found on Fig- 


be used for the connection. All connections 
should first be shaped so that they will fit. They 
should then be soldered in place. Refer to the 
wiring diagram in Figure 1 and more specifically 
to the picture diagram in Figure 8 for the exact 
way in which to run the wires. 

Start the wiring by running a wire from 


binding post No. 1 to the end of condenser G 


not attached to the variometer A. 

Next run a wire from binding post No. 2 to 
binding post No. 3 and continue it over to the 
extreme left-hand* spring of the jack P. 
Now run a wire from the second spring 
from the left of the jack P to the left end of 
Amperite N2. Then run an extension of this 
wire to the left end of the Amperite N1 and con- 
tinue it over to the F- terminal of transformer I. 

Now going back to the left end of Amperite 
N2; run a wire from this point over to the panel 
and parallel to same, connecting it to the left- 
hand screw of the bracket that holds the 
variometer A to the panel. Now extend this 
wire over to the G terminal of the transformer 


Next run a wire connecting the left front 
terminals of‘ all the sockets O1, O2, O3 and O4 
together. (These are the F+ terminals of the 
sockets.) Now run a wire from the left front 
terminal of socket O3 to binding post No. 4 
and also extend it to binding post No. 5. This 
last wire should he run between socket O3 and 
the resisto-coupler J. 

Now run a wire from the right-hand end of 
Amperite N2 to the front right-hand terminal 
of the socket O4 and run an extension of this 
wire to the front right-hand terminals of the 
sockets O3 and 02. 

Next, run a lead from the right-hand end of 
Amnerite N1 to the front right-hand F terminal 
of the socket O1. Then, run a wire from bind- 
ing post No. 6 to the B terminal of trans- 
former I. 

"The front connection on any instrument refers 
to the side of the instrument nearest the panel and 
right and left refer to the constructor’s right and 
left aa he sits facing the hack of the set in wiring up. 
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After this, run a wire from binding post No. 
7 to the right-hand connection or frame of the 
jack P. Also run an extension of this wire to 
the B terminal of the resisto-coupler J. 

Now connect the middle or remaining spring 
of the jack P to the P terminal of the socket O4. 

Next connect the G terminal of the socket O4 
to the G terminal of the resisto-coupler J, and 
connect the P terminal of the resisto-coupler J 
to the P terminal of the socket O3. These last 
three connections are very short. 

Now. run a lead from the G terminal of the 
socket O3, between the socket O3 and the trans- 
former I, and around to the G terminal on 
transformer I. Next run an extension from this 
point over to the F terminal of the resisto- 
coupler J. 

Next, connect the terminal marked P on the 
transformer I to the center terminal of the 
plate coil D. 

Now connect the bottom terminal of the plate 
coil D to the terminal marked P on the socket 
O2. Then run an extension of this wire to the 
left end of the grid leak holder M, taking care 
to keep this last lead at least a quarter of an 
inch from the core of transformer I. The 
lead should run between socket O2 and trans- 
former J]. After this, run a wire from the 
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right-hand end of grid-leak holder M to the 
terminal of transformer H, which is marked B. 

Then run a lead from the terminal marked P 
on the transformer H to the top connection of 
plate coil D. Next, run an extension of this 
lead from here to the terminal marked P on 
the socket O1. Now, run a wire from the rear 
connection of the grid coil B to the G terminal 
on the socket Ol. Then run an extension of this 
wire, between the grid coil B and the socket O1, 
connecting it to the lower stator terminal of the 
variable condenser E. Make sure this lead is 
kept one-half inch from the transformer H. 

Next connect the front terminal of the grid 
coil B to the grid terminal (marked G) on the 
socket O2. Then extend this lead, between the 
socket O2 and the plate coil D, between the 
grid-leak holder M and the transformer H, and 
connect it to the rotor terminal of the condenser 
E. Then run a further extension over to the 
rotor of the condenser F. After this run a wire 
from the rear right-hand terminal of the auxil- 
iarv coil C, directly up and solder it on the 
lead running from the rotor of condenser E to 
the rotor of condenser F. 

Next connect the rear left-hand terminal of 
auxiliary coil C to the upper stator connection 
of the condenser F. 
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Ficure 10: This diagram (which contains the top, front, and side 
measurements for the walnut cabinet) may be turned over for con- 
struction to a competent cabinet maker who can build it from these 

directions exactly the right size for the panel. 
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SECTION THRU A-A 


Then, run a lead from the front right-hand 
connection of auxiliary coil C to the F terminal 
on the transformer H. 

The set being now completely wired, is ready 
for installation. 


How to Install the Set 


The set should first be inserted into the 
cabinet. In placing the set in the cabinet, grasp 
the baseboard and slowly slide the set into the 
cabinet. Make sure the two connection blocks 
XI and X2 fit into the openings cut in the back 
of the cabinet and then push the whole unit 
back into place, so that you can screw in the 
six wood screws that hold the panel in place. 

Then place the Ampcrite NI (No. 1A) in the 
left-hand holder (as you look at the front of 
the set), and N2 (No. 1) in the right-hand 
holder. Place the two Durham resistance units 
in the resisto-coupler J, putting the .5 megohm 
in the left-hand clip (as you look at the 
front). After this insert the crystal detector 
L in the grid-leak holder M and tighten up 
the two thumb nuts on the detector. 

_ Next, place a UX-201-a or a UV-201-a tube 
in each of the three sockets O1, O2 and O3, and 
in socket O4 place a UX-112 power tube. The 
batteries, antenna and ground connections are 


now ready to be attached. If you are using the 
set with an outside antenna of sixty feet or 
more, simply connect the antenna to binding 
post No. 1. If you are using a short indoor 
antenna of fifteen or twenty feet, the condenser 
G should be short-circuited. 

Connect the batteries and ground connections 
as shown in Figure 11. Next insert the loud- 
speaker plug into the jack P and the set is 
ready for use. 


Operattng Data 


It will be best to tune in a number of local 
stations to hecome acquainted with the set. Turn 
the dial Q to the setting indicated by the tuning 
chart in Figure 13. 

Next turn dial R2 until a humming noise is 
heard and then turn back dial R2 until the 
quality of the received music is restored. It will 
be noted that the humming referred to always 
occurs when dial R2 is at approximately the 
same setting as dial Q. 

After this adjust dial R1 until maximum 
volume and quality are secured. If the volume 
is too great turn dial R2 back toward the zero 
mark, and if more reduction is desired adjust 
dial RI to another setting. 
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HOW TO HOOK UP THE BATTERIES 
This drawing prevents the builder from making mistakes in connecting 


Ficure 11: 


the batteries to the terminals of the receiver. 


be hooked up correctly, 


Follow these instructions and the set will 


because the terminals shown in the wiring diagrams are 


marked with designations that correspond with the numbers given here. 


In searching for distant stations, dial Q may 
be revolved slowly from zero to the maximum, 
at the same time turning dial R2 at the same 
rate of speed, keeping the latter dial at a setting 
just below that which produces the humming. 
If desired, stations may be located by means 
of the “carrier-wave-beat note” method, which 
is commonly used in tuning ordinary regenera- 
tive receivers. 

Once the station is located, its volume may be 
improved as outlined above for local stations 
and if desired the settings of the dials logged 
for future reference, although it is not necessary 
to log any except dial Q. 

In turning off the set it is necessary only to 
withdraw the loudspeaker plug from the jack 
P and the current supply to the filaments is 
automatically cut off. 

An Orthophase receiver similar to the one 
herein described has consistently received Pa- 
cific Coast stations in New York City on a 
short indoor antenna of fifteen feet, in all but 
the poorest radio weather, when the static level 
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was too high to permit tuning the receiver to its: 
most sensitive condition. 

f course, it is understood that wherever 
possible an antenna of 60 feet to 120 feet should 
be used, as less critical tuning 1s required to 
secure equal results. 

In periods of heavy static the antenna may be 
disconnected entirely, and by shifting the ground 
wire from binding post No. 2 t a binding post 
No. 1, satisfactory results may be had, on local 
reception and also on distant reception in most 
localities. The condenser G must be short-cir- 
cuited in this case. 

Regarding selectivity, it might be well to 
mention that KFI in Los Angeles has been 
tuned in in New York City, while WJZ in New 
York and WCAP in Washington, D. C., were 
in operation. By referring to the wavelengths 
of these three stations, the remarkable selec- 
tivity of the Orthophase will be apparent, the 
above being only one example of this quality. 
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DETAILS OF THE BRASS BRACKETS AND THE CONNECTION BLOCKS 


Ficure 12: 


This drawing gives the necessary data for making the insulated blocks 
on which the binding posts are to be mounted; 


it also gives the dimensions for the 


large and small brass brackets that are used to fasten the large and small panels to 
the baseboard. 
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A Tuning Chart to Adjust to Your Own Set 


DAL SETTING 


Ficure 13: Cut 
out the chart at the 
left and paste it on 
a piece of thin, 
stiff, white, bristol 
paper. Then cut 
out the small chart 
at the right. It 
Should be pasted in 
position on the 
blank space on the 
right-hand side of 
the main chart un- 
derneath the head- 
ing “Dial Setting.” 
To get it in exe 
actly the right poste 
tion tune in a sta- 
tion of around 350 
to 450 meters and 
find out what set- 
ting it comes in on 
on your dial. For 
instance, a station 
on 405 meters would 
come in somewhere 
near 72, 73 or 74 
on your dial ac- 
cording to the vari- 
ation of the con- 
denser in the set. 
If it comes in at 
73 (say), paste the 
dial setting part of 
the chart in place 
so that 405 meters 
on the wavelength 
scale is exactly op- 
posite 73 on the 
dial setting scale. 
Then all the other 
stations will tune in 
exactly as indicated 
by the completed 

chart. . 
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PASTE DIAL SETTING CHART IN THIS SOUE 
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From a photograph made for POPULAR RADIO 


AN OPERATING TEST ON THE NEW RECEIVER 
In this photograph ts picturcd the installation of the LC-26 receiver in the Washington 


Hotel at Washington, D. C., during the reception of distant stations. 
The de signer of the circuit ts shown tuning in the various 


loudspeaker was used. 


A cone-type 


broadcasters while the author writes down the call letters as verified by the listeners. 


Country-wide Tests of the New 
LC-26 Receiver 


Here are given the results of the reception on the 


receiver first described 


the December issue of 


Poputar Rapio as installed in various sections of the 

country and operated before authoritative witnesses. 

Can you match these records with vour own receiver? 
Anyone with a LC-26 set should be able to do it. 


By WALTER L. 


HE description of the construction of the 

LC-26 Broadcast Receiver in the Decem- 
ber issue of PopuLtar Rapio created such wide- 
spread interest among experimenters and set 
builders that it was followed by another article 
in the January issue with complete details of 
operation of this set. 

Since then, however, so many letters have 
been received asking about the results that could 
be obtained in different sections of the country 
that the staff of Poputar Rapio has taken one 
of its receivers to various cities and operated 


it in the presence of witnesses to determine 


RAYMOND 


just what the recetver would do under varying 
local conditions. 

The first test was conducted at New Haven, 
Conn., at the home of Mr. William Austin, Jr. 
The receiver was set up and attached to a 100- 
foot single- wire antenna that was already in- 
stalled in connection with a Four-circuit Tuner. 
The new LC-20 receiver was installed in its 
place and a record made on the receiver starting 
at Tl o'clock in the morning. 

Not only was this well known “dead spot,” 
(so far as New York stations are concerned), 
overcome, but the following New York stations 
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COUNTRY-WIDE TESTS OF THE NEW LC-26 RECEIVER 


“were brought in with approximately the same 
volume as when received in New York City: 


WFBH WMCA 
WRNY WEAF 
WJZ WNYC 


WOR l 
The receiver also brought in on the loud- 


speaker, stations : 

WOO, Philadelphia, Pa. WEEI, Boston, Mass. 
WPG, Atlantic. City, N. J.KDKA, Pittsburgh, Pa. 
WBZ, Springfield, Mass. WGY, Schenectady, N. Y. 


An almost unbelievable distance record for 
the daytime was also made in bringing in 
station WMBF in Florida before 4 o'clock in 
the afternoon. 

The list of stations received during the eve- 
hing comprised stations in the Middle West 
and Canada and as far south as Miami. 

The New York stations were received clearly 
on the loudspeaker by using just the ground 
alone. 

The next test was made in New York City 
before a group of well known engineers. In 
one complete revolution of the tuning dial from 
zero to 100, the following stations were picked 
up in succession : 


WSBC (at 209.7 meters) 
WOK, Chicago, IN 

WBBR, New York, N. 
WGCP, New Yòrk, N. 
WRNY, New York, N. 


WEBH. Chicago, Ill. 
WGY, Schenectady, N. Y. 
. WMBF, Miami, Fla. 
. WEAR, Cleveland, O. 
) . WTAM, Clevetand, O. 
WAAM, New York, N. Y. WFI, Philadelphia, Pa. 
WEBJ, New York, N. Y. WJY. New York, N. Y. 
WFBH, New York, N. Y.WLW, Cincinnati, O. 
WEE], Boston, Mass. WSB, Atlanta, Ga. 
WOAN, Lawrenceburg, WMAF, South Dartmouth, 


enn, Mass. 

WPG. Atlantic City, N. J. WJZ, New York, N. Y. 
WLIB, Chicago, Iil. WCAE, Pittsburgh, Pa. 
KDKA, Pittsburgh, Pa. WRC. Washington, D. C. 
WJAR, Providence, R. I. WBAP, Ft. Worth, Tex. 
WAHG, New York, N. Y. WOC. Davenport, Ia. 
KOA, Denver, Col. WEAF, New York, N. Y. 


ota ‘te‘le tes 


WSAI, Cincinnati, O. WOO, Philadelphia, Pa. 
WBZ. Springfield, Mass. WNYC, New York, N. Y. 
WMCA, New York, N. Y.KYW, Chicago, I. 
WHN, New York, N. Y. KSD (at 546 meters) 


This makes a total of 40 stations in twenty- 
five different cities, located throughout the 
United States. These stations were all received 
when using an outside antenna of about 110 
feet in length. The reception was accomplished 
entirely on a loudspeaker. 

_ A more thorough test at New York City last- 
mg for two days between the hours of 11:30 

M. and 1:30 A. M. Eastern Standard Time 

was made and the following stations were 


logged : 
WCBD, Zion Cit 

» Z y, IN. CHYC. Montreal, P. Q. 
Weh Philadelphia, Pa. WNAC, Boston, Mas, 

, Buffalo, N. Y. WEAN, Providence, R. I. 


KPRC, Houston, Tex. 


WCAD, C Ne WKRC. Cincinnati, O. 


WFT, Philadelphia, Pa. 


Ween avenport, la. WSB. Atlanta, Ga. 
KFKX’ Ft. Worth, Tex. WIAR, Providence, R. I. 
RLY Hastings, Nebr. PWX. Cuba 

WEAR  tland. Cal. WPG. Atlantic City. N. J. 
WHT” Cleveland, O. WEBH. Chicago, M. 
RFT.’ hicago, IN. WREO, Lansing, Mich. 
WRC os Asgeles, Cal. WHT, Chicago, IN. 
WB?’ ashimgton, D. C. WHO, Des Moines, Ta. 
KDKA Sbringfeld, Mass. WOT. Chicago, IN. 

WJR p Pittsburgh, Pa. WSM. Nashville, Tenn. 
WLW tiac, Mich. WENR, Chicago, Il. 
KOA’ Cincinnati, O. WMAO, Chicago, T1. 
KGq’ Aonver, Colo. WHAZ, Troy, N. Y 


wa Oakland, Cal. CFCF, Montreal, P. Q. 


KY hicago, Til. WDZ. Tascola, i. 

KSD ’ hicago yii. WOAN, Lawrenceburg, 
WCAU penis. Mo. Tenn. 

WCAR’ p Mladelphia. Pa.WGY. Schenectady, N. Y. 


’ Pittsburgh, Pa. 


WGN, Chicago, Ill. 
WEEI, Boston, Mass. 
WSMB, New Orleans, La. 
WOK, Chicago, Ill. 
WLIT, Philadelphia, Pa. 
WCCO, St. Paul- 
Minneapolis, Minn. 
WFAA, Dallas, Tex. 
WLS, Chicago, Ill. 
WCX, Pontiac, Mich. 
WWJ, Detroit, Mich. 
WLIB, Chicago, Ill. 
CNRO, Ottawa, P. Q. 
WHB. Kansas City, Mo. 
WOAW, Omaha, Nebr. 
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CKAC, Montreal, P. Q. 
WCAP, Washington, D. C. 
BM, Chicago, ; 
WMAF, South Dartmouth, 

Mass. 
WSAI, Cincinnati, O. 
WMC, Memphis, Tenn. 
WMBF, Miami, Fla. 
WOO, Philadelphia, Pa. 
WTIC, Hartford, Conn. 
woe Fulford-by-the-Sea, 
a 


WGN, Chicago, IM. 
WOS, Jefferson City, Mo. 
WWAE, Plainville, IN. 


In a test in the same city for operation 


through interference 
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Brown Bros. 


THE ANTENNA 
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the following stations 


INSTALLATION 


WHAM, Rochester, N. Y. 


In this picture of the Blackstone Hotel in Chi- 

cago is shown the exact location of the single- 

wire antenna that was swung from one window 

to another during the tests. The antenna 1s 

shown by the white line and the lead-in was 

located by the point indicated by the black 
arrow. 
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were logged without interruption from nearby 
stations: WGN, of Chicago, was received 
through WHN; WHT was received through 
WJY; WIP of Philadelphia and WOC of 
Davenport were received through stations 
WEAF and WNYC, New York. KYW was 
also received through WNYC. Station WQ) 
in Chicago was received through WJZ, New 
York. Stations WPG, WJAR, WLIB and 
KDKA could also be received without interter- 
ence while all of them were on the air. 

The next test was made m Washington at 
the Washington Hotel. Mr. Cockaday, who 
was a member of the Hoover Radio Conter- 
ence and the author took one of the sets to 
Washington and set it up in a suite on the 
eighth floor and had a = single-wire antenna 
rigged up on the roof about 120 feet including 
the lead-in. In daylight at Washington, WJZ 
and WEAF were brought in clearly on the 
loudspeaker and also the new experimental 
super-power station ZNAR of the Radio Cor- 
poration of America, These were received 
during their noon-hour broadcasting, 

The Washington Hotel itself is only about 
three blocks from WCAP in Washington, The 
following stations were logged during three 
evenings: 

WEBH, Chicago, Ul. WHAZ, Troy, N.Y. 7 
WBBM, Chicago, I WSB, Atlunta, Ga. 
WOK, Chicago, IIL WCAE, Pittsburgh, Pa. 
WHT, Chicago, 1. WCX, Pontiac, Mich. 
WLIB, Chicago, Il, WIR, Pontiac, Mich. 
NAA, Washington, D. C WHO, Des Moines, la. 
WLW, Cincinnati, O. WEBH, New York, N. Y. 
KOA, Denver, Colo. KOIL, Council Bluffs, la 
WEAF, New York, N. Y.WLIT, Philadelphia, et 
WIP, Philadelphia, Pa. WAHG, New York, N Y. 
WBZ, Springfield, Mass. WEI, Philadelphia, Pa. 
WEI, Philadelphie, la. KYW, Chicago, M. 
WCAP, IFashingtoen, D. CAWSAI, Cincinnati, O. 
WRC, Washington, D. C.WOR, Newurk, N. J. 
KDKA, Pittsburgh, Pa. WOAN, Lawrenceburg, 


WRCA, Richmond, Va. Tenn. 

WIZ. New York, N. Y. WBAP, Fort Worth. Tex. 
WMCA, New York, N. Y.WOAW, Omaha, Nebr. 
WMBF, Miami Reach, Fla. WTAM, Cleveland, O. 
2XAR, Bound Brook, N.J. KERN, Hastings, Nebr. 
WEEI, Boston, Mass. WOO, Philadelphia, Va. 
WIBL, Decatur, IM WGY.,. Schenectady, N. Y. 
WSM. Nashville, Tenn. WD. AF, Kansas City, Mo. 


WSMB, New Orleans, La. KGW, "Portland, Ore. 

It will be noticed that the country was pretty 
well covered from Washington. 

The last test was made in Chicago at the 
Blackstone Hotel, which is located only two 
blocks from the powerful Westinghouse station 
KYW. A _ 100-foot wire was installed along 
the ledge of the windows on the tenth floor of 
this building, which has twenty-two floors in 
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all. A wire was brought into the living room 
and attached to the LC-26 with the steam 
radiator pipe used as a ground. 

The following list of out-of-town stations 
was received during the week of tests between 
the hours of 11:30 P. M. and 2 A. M. Central 
Standard Time: 


KDKA, Pittsburgh, Pa. KPRC, Houston, Tex, 


WPG, Atlantic City, N. J. KFI, Los Angeles, Calif. 
WSMB, New Orleans, Law EAH, Wichita, Kan. 
WGR, Bafalo, N. Y. WJJD, Mooscheart, Ih. 


Ws Al, Cincinnati, O. WKAR, Lansing, Mich. 
Wa, AZ, South Be nd, Ind. WBAP, Ft. Worth, Tex. 
KTHS, Hot Springs, Ack. WRC, Washington, D. C. 
WHAŽ, Troy, N. Y WOC, Davenport. la. 


WTAM, Cleveland, O.  WJR, Detroit, Mich. 
WOR, Newark, N. J. WOAW, Omuhkha, Nebr. 
WSB, Atlanta, Ga. WELW, Cincinnati, O. 


WOS, Jeperson City, Mo.KFI, 
WCAE, Pittsburgh, Pa. 
WBAP, Fort Worth, 
WEAF, New York, 

WJR, Detroit, Mich. 


Los Angeles, Calif. 
WKRC, Cincinnati, O. 
Tex. WHB, Kansas City, Mo, 
N. Y.WBAP, Ft. Worth, Tex, 
WEBCO, Anorotdie. Tenn. 


WHO, Des Moines, Ta. WCAU, Philadeiphia, Pa. 
WSUL, Jewa City, Ta. WSBT, South Bend, Ind. 
WAHG, Richmond Hilt, ‘DAF, Kansas City, Mo. 
Ne Xs KYW, Chicago, Wb 
WSM, Nashville, Tenn, KEKX, Hastings, Nebr. 


WEB, Eigin, IM. KENF, Shenandoak, Ta. 

WOX, Detroit, Mich. WAFB, Port Huron, Mich. 

WFAA, Dallas, Tex. KNX, Holiywwod, Calit, 
The following Chicago stations were re- 


ceived without interference from KYW: 


WSBC WBCN 

WENR WMAQ 

WO] WHT 

WBBM WLS 

WOK WMBB 

WIBO WGN 

WCES WEBH . 

Stations KDAKA in Pittsburgh; WRAP 
Forth Worth: WPG Atlantic City; WAG 


Richmond Hill, New York, were received while 
KYW was broadcasting. 

Stations WOC Davenport; WEAF New 
York: KDKA Pittsburgh; WLW. Cincinnati 
and WHB Kansas City were received in the 
middle of the day. 

One station whose call letters were not ob- 
tained was heard through great static, talking 
in Spanish. ‘This station finally signed off by 
announcing in English that the time was 11 ‘30 
The time in Chicago (C.S.T.) was 12:35 
A. M. This station signed off with chimes, 

This series of tests conducted byv engineers 
of Porpviar Rapto’s technical staff and wit 
nessed by other reliable authorities on radio 
reception should be of interest to radio fans 
and experimenters all over the country who 
wish to satisfy themselves of the selectivity 
and sensitiveness of the new receiver, 


Use Popular Radio Blue Prints in 
Building the Orthophase Receiver 


Wuie experienced set-butlders will be able 


Orthophase Re- 


to construct the 


ceiver (described in this issue) from the description and design shown in the article, 


it will be found much easier if Porvrar Ramo blue prints are used. 


The Se prints 


save time because the panel and instrument layout prints (which are exact size) may 
he used as templates, thus eliminating the necessity of making careful measurements 


for drilling holes and locating instruments. 


The wiring diagram is apbroximately 


eract size; it shows the location of all wires and connections desirable for greatest 


efficiency. 
reccipt of 


A set of blue prints of the Orthophase Receiver will be sent postpaid ow 
$1.00 per set sent to Porcar Rapo Service Burra, 


Street, New 


627 West gerd 


York City. 


MANUFACTURER'S NAME; Music Master Cor- 


“What Set Shall I Buy?” 


A guide to the prospective buyer of a ready-made receiver 


ESS then a year ago there were only a very few ready-made 
sets on the market; today there are about 140, ranging 
from small and inexpensive crystal receivers, which sell for as 
low as four or five dollars, to elaborate superheterodynes that run 
into the hundreds. Those that have been approved by the 
PopuLcar Rapio Laboratory will be pictured each month until 
the series is completed. They will be accompanied by brief but 
specific data concerning them—as a helpful guide to the broadcast 
listener and to the prospective listener who is thinking of select- 
ing the receiver that will best meet his special needs as well as 
the limitations imposed by his purse. The data following each 
of the sets pictured in this series are the manufacturers own 
specifications and claims; they were obtained through a form of 
questionnaire sent to all manufacturers of receiving sets approved 
© by Porucar RADIO. 


The Type 100 Receiver 


DETECTOR TUBE; 


Music Master A Type or 


poration 

Mope NuMBER; Type 100 

NUMBER OF TUBES; five 

Type oF TUNING; tuned-radio- frequency 

Type or DETECTOR; vacuum tube 

RANGE ON PHONES; (none specitied) 

RANGE ON LOUDSPEAKER; (none specified) 

Cost; $100.00 (without accessories ) 

ANTENNA RECOMMENDED; outside, 65 to 100 
feet 


Kinp or Tuses For R. F.; Music Master A 
Type or UV-20l-a 


UV-201-a 

Avupio Tuses; Music Master A Type or UV- 
201-a 

Type oF “A” Battery; Music Master storage 
6 volts 90-amp. hour 


Tyre or “B” Battery; Music Master, two 
blocks of 45 volts each 

Detector “B” Vottace; 45 volts 

WAVELENGTH RANGE; 195 to 560 meters 

NUMBER OF TUNING ControLs: three 

“A” BatTeRY CURRENT Usen; 1% amperes 

CR” Battery Current Usep: 8 to 10 milliam- 


peres 
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The WorkRite Winner 


MANUFACTURER'S NAME; WorkRite Mfg. Co. 

MopeL NaMeE; WorkRite Winner 

NUMBER OF TUBES; five 

Type oF TUNING; tuned-radio-frequency (neu- 
trodyne) 

Type oF DETECTOR; vacuum tube 

RANGE ON PHONES; coast to coast 

RANGE ON LOUDSPEAKER; coast to coast 

Cost Comptete; $100.00 to $125.00 

ANTENNA RECOMMENDED; 50 feet, outside 

KInpD OF TuBEs FOR R. F.; 201-a 


Detector Tuse; 201-a 

Avupio Tuses; 201-a 

Type oF “A” Battery; 6-volt storage 

Tyre or “B” Battery; 90 volts 

Detector “B” VottacEe; 45 volts 
WAVELENGTH RANGE; 200 to 550 meters 
NuMBER OF TUNING ConTROLS; three 

“A” Battery Current Usep; 1.25 amperes 
“B” Batrery Current Usep; about 15 milli- 
amperes 


The Model L-3 Ultradyne 


MANUFACTURER'S NAME; Phenix Radio Cor- 
poration 

MopeL NAME; Model L-3 Ultradyne 

NUMBER OF TUBES; Six 

Type oF TUNING; tuned-radio-frequency 

Tyre or DETECTOR; vacuum tube 

RaNGE ON Puones; 1,000 to 2,000 miles 

RANGE oN LovupSspEAKER; 500 to 1,000 miles 

Cost Complete; $185.00 


ANTENNA RECOMMENDED; 
(single wire) 


indoor or outdoor 


Kinp or Tubes For R F.; UV-201-a 
Detector Tuse; UV-201-a 

Aupbio Tures; UV-20l-a 

Type or “A” BATTERY; storage (6 volts) 
Type or “B” Battery; dry cell 

Detecror “B” VoLtace; 90 volts 
WAVELENGTH RANGE; 180 to 560 meters 
NuMBER OF TUNING CONTROLS; two 

“A” Battery Current Usep; 1% amperes 
“B” Batrery Current Usep; 20 milliamperes 
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The Ferguson Six 


MANUFACTURER’S NAME; J. B. Ferguson, 
Incorporated 

MopeL Name; Ferguson Six 

NUMBER OF TUBES; six 

Tyre oF TUNING; tuned-radio-frequency 

Type oF DETECTOR; vacuum tube 

RANGE ON PuHones; (none specified) 


RANGE ON LOUDSPEAKER; (none specified) 


Cost Compete; $180.00 
ANTENNA RECOMMENDED; outdoor 


KIND oF Tures FoR R. F.; UV-20l-a or C-301-a 
Detector Tuse; UV-20l-a or C-301-a 

Aupio Tuses; UV-201l-a or C-301-a 

Type oF “A” Battery; 6 volt storage 

Type oF “B” Battery; 90 volts dry cell 
Detector “B” Vottace; 22% to 45 volts 
WAVELENGTH Rance; 200 to 550 meters 
NUMBER OF TUNING CONTROLS; two 

“A” BATTERY Current Usen; 1.5 amperes 

“B” Battery Current Usen; 25 milliamperes 


The Goldfinch 


MaANUFACTURER’S NAME; Guthrie Com- 
pany 

Monet; Goldtinch 

NUMBER OF TUBES; five 

Type oF TUNING; tuned-radio-frequency 

Type oF Detector; vacuum tube 

Rance oN Puones; transcontinental 

RANGE ON LoupsPEAKER; transcontinental 

Cost; $75.00 (without accessories) 

ANTENNA RECOMMENDED; 80 fect 


Kinp oF TuBEs FoR R. F.; hard 

Detector Turse: hard or soft 

Avupto Tuses; hard 

Type oF “A” BATTERY; 6-volt 

Tyre or “B” Battery; any type 

Derrector “B” Vortace; 20 to 60 volts 
WAVELENGTH RANGE: 200 to 700 meters 
NUMBER OF TUNING CONTROLS; two 

“A” BATTERY CURRENT Usen; 1.25 amperes 
“B” Batrery Current Usep: 13 milliamperes 


CONDUCTED BY DR. 


IN THE WORLD'S 


LABORATORIES 
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Millikan’s Ultra-short Ravs 


from Space 


In the last issue of this Department we wrote 
of Professor Skobeltzyn’s measurements of the 
“shortest” ether waves ever measured, those 
coming from the exploding atoms of radioactive 
materials. Before the item was off the press 
Dr. R. A. Millikan, the distinguished physicist 
who now heads the California Institute of Tech- 
nology, at Pasadena, announced to the National 
Academy of Sciences, meeting at Madison, Wis- 
consin, his discovery of a kind of ether waves 
far shorter than those measured by’ Professor 
Skobeltzyn or by anyone else; about one fif- 
tieth as long, in fact, as any ether waves pre- 
viously known.* Thus does the progress of 
investigation dispose of the most careful gen- 
eralizations. Nothing remains for long the 
“shortest” or the “longest” or the “fastest” 
of science. 

Professor Millikan’s new rays were detected, 
not in or from any material on earth, but com- 
ing from the depths of space. Back of their 
final detection there is a long story of patient 
investigation. Nearly a quarter of a century 
ago investigators noticed that some variety of 
very short ether waves were present in the at- 
mosphere. For example, these waves would 
penctrate the metal cases of instruments and 
cause the discharge of electric charges inside 
them. They came to be called, on this account, 
the “penctrating radiation” of the atmosphere. 
It was known that a small amount of radio- 
active material is present in the soil and in the 
air. Most scientists believed, therefore, that 
the penetrating radiation was composed of 
gamma rays from these radio-active materials: 
that it consisted, merely, of very short radium 
rays such as those measured by Professor Skob- 
eltzyn and others. 


*“Hieh Frequency Rays of Cosmic Origin,” by R. 
A. Millikan. Science (Lancaster Penna), vol. 62, 
pages 445-448 (November 20, 1925). The address to 
the National Academy of Sciences was delivered on 
November 9, 1925. 


About ten years ago, however, two German 
physicists, Kohlhorster and Hess made obser- 
vations from balloons and reached the conclu- 
sion that there was more of this penetrating 
radiation in the air at high altitudes than at 
the surface of the earth. They suspected, there- 
fore, the continual arrival from space of some 
extremely short variety of ether waves. Several 
scientists repeated this work under other condi- 
tions and failed to confirm it. The war inter- 
vened and all such work was interrupted. 

After the war, Dr. Millikan, among others, 
took up once more the investigation of this 
mysterious penetrating radiation. He sent 
recording instruments up in airplanes and in 
sounding balloons. With an assistant, he went 
himself to the top of Pike’s Peak, in Colorado, 
taking with him the apparatus for investigation 
of the penetrating rays. All this work was 
either negative or inconclusive. The reality of 
the penetrating ray remained unproved. Finally. 
in the summer of last year, Dr. Millikan and 
one of his assistants, Mr. Harvey Cameron. 
carried out an ingenious series of experiments 
in which radiation-detecting apparatus was sunk 
at different depths in two snow-fed lakes high 
in the mountains of California. 

The height of these lakes above the sea de- 
creased the layer of air above them, so that the 
penetrating rays would not be absorbed; for. 
penetrating as they are, these rays will not 
traverse any large amount of matter, even of 
matter as thin as air is. At the same time, 
the water of the lakes absorbed any stray 
gamma rays which might be coming from the 
surrounding soil. The lakes being snow-fed, 
their water was not itself radioactive, as many 
spring and river waters are. 

The experiment was a success. The pene- 
trating rays were detected. Their difference 
in penetrating power in the two lakes corre- 
sponded exactly with the difference in eleva- 
tion of the lakes and thus with the different 
absorbing power of the layers of air above 
them. The penetration of the rays enabled. 
also, an estimate of their wavelength. Dr. Mil- 
likan’s figure for the shortest waves is . 
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Angstrom unit, this unit being, you remember, 
the one commonly used to measure the wave- 
length of light. It is one ten-billionth of a 
meter, which means that the wavelength of the 
newly discovered ray—which will be named, 
doubtless, the Millikan ray—is only one twen- 
ty-five-trillionth of a meter. The discovery of 
these rays lengthens the known spectrum of 
ether waves by nearly six octaves. 

The source of the rays remains a mystery. 
The fact that they are the same by night as by 
day rules out the sun as a source. The relation 
to depth in the two lakes appears to be a con- 
clusive proof that they come from space. Cal- 
culation indicates that the wavelength of the 
shortest of the new rays is about that which 
ought to be possessed by radiation produced 
when four atoms of hydrogen combine to form 
one atom of helium, an atomic combination 
which physicists suppose, on quite other grounds, 
to be possible in the stars and perhaps else- 
where in space. Another atomic change which 
might produce these very short waves is that 
which would occur when a free electron and a 
free proton (the positive nucleus) combine 
to form an atom of hydrogen. Whatever be the 
exact source of the rays, it is reasonably cer- 
tain, Dr. Millikan believes, that they originate 
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in some transformation of atomic nuclei which 
is occurring all through space. 

Readers of Poputar Rapio will remember 
that the idea of a very short variety of ether 
waves, far shorter than any then known, was 
postulated, some years ago, by Dr. Felix Mi- 
chaud, of Paris, to explain the facts of gravita- 
tion.* Gravitational forces are due, Dr. 
Michaud believed, to the absorption of these 
pervasive, space-rays by matter. Two bodies 
in space partially shield each other from the 
rays and are therefore forced toward each 
other. Although the new Millikan rays lie in 
the region of the ether-wave spectrum in which 
Dr. Michaud expected to find his gravitational 
rays, it is not apparent, as yet, that they furnish 
much support to the theories of the distinguished 
Parisian physicist. The Millikan ray is ap- 
parently too feeble, as well as too easily ab- 
sorbed by matter, to satisfy the conditions which 
a gravitational ray must meet. It remains pos- 
sible, however, that still other and shorter 
rays exist. The ether-wave theory of gravita- 
tion is by no means disproved. 


* For an account of these theories see: “Do Ether 
Waves Cause Gravitation?” Poputar Rapio for Decem- 
ber, 1923, vol. 4, pages 468-477. 


From a photograph made especially for PorpcLar Rapio by Campbell-Gray, London 


TESTING THE PENETRATING POWER OF GAMMA RAYS 


Before the discovery of Dr. Millikan’s new rays, the gamma rays from radium were 

the shortest and most penetrating ether waves known. At the Science Exhibition at 

Wembly, ncar London, last summer, the National Physical Laboratory contributed 

this apparatus demonstrating the gamma rays given off by radio-active material inside 

the lead box behind the clectroscope at the left. This photograph and the one on page 

169 of this issue are published by special permission of the British Empire Exhibition 
Committee of the Royal Society. 


164 


Filaments That Emit lons 


A RECENT scientific discovery, made by Dr. C. 
H. Kunsman and his colleagues at the Fixed- 
Nitrogen Research Laboratory, at Washington, 
may prove, it is by no means impossible, one of 
the really important steps forward in radio 
technique.* It is too soon to be sure of this. 
Dr. Kunsman does not even describe his dis- 
covery as a radio one at all. Nevertheless, it 
is not too much to say that it has a chance 
of proving to be quite as important to radio as 
was the invention of the audion tube. 

The discovery is of a convenient and ap- 
parently reasonably permanent source of posi- 
tive ions, just as the hot filament of an ordinary 
radio tube constitutcs a source of negative 
electrons. 

A positive ion consists, you remember, of an 
atom which has lost, temporarily, one of its 
electron planets. The atom then has a positive 
charge. In the familiar sodion detector tube, 
for example, the operation of the tube depends 
upon the presence in it of a cloud of ions of 
sodium. Each of these ions is really an atom of 
sodium gas which has had its outermost electron 
knocked off. The atom is then short one elec- 
tron, which means one unit of negative electric- 
ity. It carries, therefore, one unit of positive 
charge. Normally, of course, the atom is neu- 
tral, the positive electricity of the nucleus of the 
atom being just neutralized by the negative 
electrons present in the atomic structure.f 
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THE NEW IONIC TUBE 


Dr. Kunsman ts holding a special vacuum 
tube (not for radio use) containing the new 
filament material which cmits ions instead of 
electrons and which is described on this page. 
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In the sodion tube, the ions are produced by 
the impacts of fast-moving electrons on sodium 
atoms of by the collisions of sodium atoms 
with each other. Ions can be produced, also, 
in other ways. There has not been available, 
however, any source of these ions which was 
either so convenient or so dependable as the hot 
filament is as a source of electrons. 

Dr. Kunsman has provided this. He finds 
that a hot mixture of iron and an alkali metal 
oxide, such as potassium oxide, will give off a 
continual stream of alkali ions. For example, 
one may use a fused mixture of iron oxide with 
about one percent of the oxide of potassium. 
This mixture itself will give off some ions, but 
more are emitted if the material 1s reduced, by 
hydrogen, so that a part or all of the iron 
oxide is converted into metallic iron and pos- 
sibly a part of the potassium oxide into metallic 
potassium. In a similar way, a mixture of iron 
with the comparatively rare clement, caesium, 
will give a stream of caesium ions. 

To sce the possible importance of this in radio 
we need only to remember that the operation 
of the ordinary amplifier and detector tubes de- 
pends on a stream of electrons given off by the 
filament. Suppose we make a radio tube which 
contains, instead of the ordinary tungsten or 
thoriated-tungsten filament, a strip or wire of 
the new material discovered by Dr. Kunsman. 
This new tube will operate with ions, just as 
our present tubes do with electrons. 

The most obvious new feature thus intro- 
duced is that the tube will be electrically re- 
versed. The plate will be negative; the filament 
will be positive. If a C battery is used, its 
polarity must be the reverse of present prac- 
tice. The particles of -electricity inside the 
tube will still move from filament to plate, as 
now. But these particles will be positive, not 
negative. The passage of current through the 
tube will be reversed. 

This reversal is not likely to be, in itself, 
of any great importance. What is likely to be 
important is that the ions, which now replace 
electrons as the tube-current carriers, are vastly 
heavier than electrons. A potassium ion, for 
example, weighs over 60,000 times as much as 
does a single electron. This means that the 
stream of ions from filament to late will have 
a considerable inertia. It will not be deflected 
so easily or so quickly as is the stream of elec- 
trons in an ordinary tube. Also, space charge 
relations will be quite different; the internal 
impedance characteristics of the tube will be 
altered; there will be entirely different re- 
sponses of the tube to the frequency of the 
voltage impressed on the grid. 

For some purposes, of course, these changes 
will mean no improvement. There are times 
when we wish the current-carrying particles 
in a tube to have as little mass and as low an 
inertia as possible. Then what we need is an 


*“A New Source of Positive Ions,” by C. H. 
Kunsman, Science (Lancaster, Pennag.), vol. 62, pages 
269-270 (September 18, 1925). 

t The modern theories of the structure of the atom 
have been described in numerous papers in POPULAR 
Rapio during 1924 and 1925. 
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TESTING THE NEW ION-EMITTING MATERIAL 


This apparatus, set up in the Fixed-Nitrogen Research Laboratory, at Washington, ts 
used by Dr. Kunsman (at the left) and his assistant, Mr. R. A. Nelson, to determine 


the tonic emission and other properties of the new material. 


Several special vacuum 


tubes are connected to the glass manifold in the center. The vacuum pumps are behind 

Dr. Kunsman and the electric meters are in front of Mr. Nelson. PopruLar Rapio is in- 

debted to Dr. F. G. Cottrell, Director of the Laboratory, for permission to publish this 
photograph and those on pages 166 and 168. 


electron tube, like those now in use. But there 
are other. purposes for which some electric in- 
ertia in the tube is advantageous. When all 
of the characteristics of an ionic tube have been 
worked out we shall discover, probably, that 
there are numerous radio uses to which the new 
ion-emitting material of Dr. Kunsman may be 
put. It will be very interesting, for example, 
to try this material, and the reversed tubes 
made with it, for audio-frequency amplification 
under the large loads which some of the modern 
loudspeakers and public address systems are 
coming to require. 


Rolling Hoops Through 
the Ether 


Just two years ago PorpuLar Rapio pre- 
dicted that the newer quantum theories of the 
nature of light would be applied some day to 
radio waves as well and would profoundly 
modify our ideas of the nature of radio trans- 
mission.* The first part of this prediction has 
been fulfilled. A possible application of the 
quantum theory to radio waves has been sug- 
PE by no less an authority than Sir Oliver 

ge: the same scientist, as it happens, whose 
work we were reviewing back in 1924 when we 
made the prediction just mentioned. 

In a recent address, delivered as President of 
the Radio Society of Great Britain, Sir Oliver 
suggests a new structure for the ether waves of 
radio, a structure which brings them in line 
with modern ideas of the nature of light. This 


structure may be visualized, essentially, as a vast 
series of rounded rings of force, flying outward 
from an energized antenna as though a boy 
were throwing millions of hoops from the top of 
a tower.f Sir Oliver, as is his admirable cus- 
tom, makes this suggestion tentatively and with 
modest disclaimers of originality. Nevertheless, 
a substantial element of originality is there and 
the suggestion is likely to play a significant part 


in the development of the newer theories of 


light and other radiations, as well as in the 
theories of radio. ae 

Modern theories of ether waves are chars 
acterized, readers of this Department will re- 
member, by great uncertainty and confusion, On 
one side, there are many facts about light and 
X rays and radio waves which indicate that all 
such radiations consist of waves in the ether, 
not unlike the waves on the sea. This is the 
“undulatory” of spreading-wave theory. On the 
other side, there are many facts, notably the 
facts of photo-electricity, which refuse to fit 
into the wave theory at all. They indicate, on 
the contrary, that light is composed of innumer- 
able minute particles or “bundles” of energy, 
each flying through space as though it were a 
bullet shot out from the luminous source like 


*“Are Ether Waves Composed of Minute Parti- 
eles?”, Poputar Rapio for February, 1924, page 209. 

t‘The Mechanism of Radiation.” by Sir Oliver 
Lodge. Presidential Address before the Radio So 
ciety of Great Britain, delivered September 23, 1925. 
Printed in Exherimental Wireless and the Wireless 
Engineer (London), vol. 2, pages 884-888 (November, 
1925). 
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lead slugs from a machine gun. This is the 
quantum theory. The light bullets are called 
quanta.* 

The conflict between these two theories has 
developed mainly in the field of light waves, the 
wavelengths of which are to be measured in bil- 
lionths of a meter instead of the meters which 
we use for radio waves. Radio waves have 
been left out of account, doubtless because the 
simple wave theory fits well enough the phenom- 
ena ordinarily encountered in radio. No 
puzzling quantum phenomena, like those of 
photo-electricity, have been met with, as yet, in 
the radio field. 

However, there can be small question that 
all ether waves are essentially alike. If there 


* For an account of the differences between the 
wave theory and the quantum theory, with references 
to some of the literature, see: “New Theories of 
Ether Waves,” in this Department of Poputar Rapio 
for August, 1925, pages 168-171. On photo-clectricity 
see: ‘Radio's Newest Instrument—The Photo-electric 
Cell.” Poputar Rapio for November, 1925, -ages 
397-404. 


ae ae 


a . 
J eee, 


, tas 


een? 


> 


k 
From a photograph made for POPULAR RADIO 
HOW AN IONIC TUBE IS BUILT 
These tubes are not constructed for radio use, 
but merely to test the propertics of the ion- 
emitting material and the effects of the emitted 
tons on gas mixtures inside the tube. The ion- 
emitting source ts inside the metal cylinder at 


the center. 


espe cially 
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are small quanta in light rays and if the quan- 
tum theory applies to them (instead of the wave 
theory) we must expect to find quanta in radio 
waves also. We must prepare to abandon our 
simple, present-day theory of a spreading ripple 
in the ether, moving out uniformly from the 
transmitting anterma. In his Radio Society ad- 
dress Sir Oliver sets out to visualize, so far as 
may be possible, something of what this radio- 
wave quantum may be hke. 

It is reasonably certain, of course, that neither 
the quantum theory nor the wave theory is 
completely wrong nor completely right. The 
true theory of ether waves must embody and 
explain both of them. It must be consistent 
with the facts that indicate the presence of 
waves as well as with the facts that indicate 
the bullet-like quanta. Last year, Sir J. J. 
Thompson, familiar to readers of POPULAR 
Rapio through his researches on electrons and 
atoms,* made such a harmonizing suggestion. 
He suggested that both waves and quanta were 
sent out simultaneously from a radiating body. 
Or, to phrase the matter differently, he sug- 
gested that the radiation which went out had 
both the properties of a wave and the properties 
of a flying particle.f 

Sir Oliver Lodge takes this as his starting 
point. He points out, also, that it is impossible 
to imagine that the ultimate “particle” of radi- 
ation can be anything of the nature of a solid 
particle, even an atom or an electron. The thing 
that flies is no particle in that sense, but 1s, he 
believes, some disturbance in the ether. The 
problem which confronts us is the decision be- 
tween a single, discrete disturbance in the ether 
—as, for example, a vortex ring like a smoke 
ring in air—and a continuing, alternating dis- 
turbance such as would constitute a true wave. 

The solution suggested is based on the idea 
of loops or rings of force. Everyone is fa- 


miliar with the lines of force looped up and 


down the diagram of a radiating antenna. These 
lines are supposed to represent the electro- 
magnetic forces existing when the antenna 1s 
energized. “The question arises,” says Sir 
Oliver, “whether these lines of force are 
physical realities or only geometrical abstrac- 
tions. Most of us thought they were abstrac- 
tions. Faraday seems sometimes to have had 
an instinct that they might be real.” 

“If the lines of force are realities,” Sir 
Oliver continues, “the loops which are thrown 
off by a transmitting aerial are not mere pic- 
torial representations or diagrammatical illus- 
trations but are a bundle of physical realities, 
each loop with an independent existence, each 
loop constituting a quantum.” * * * “What I 
suggest is that the quantum arises from the 


reality of the lines. of force.” 


* See, for example, “New Theories of How the 
Atom is Put Together,” by Sir Joseph John Thomp- 
son, PopuLcar Rapio for September, 1923, vol. 4, pages 
179-186, 

t The suggestion, made originally in_an address at 
Cambridge, England, was printed in The Philosophy 
cal Magazine (London), vol. 48, pages 737-746 (Octo- 
ber, 1924). It was amplified, in more popular form, 
in a lecture at Guv’s Hospital, London, on May 7, 
1925, and has been published in a pamphlet. ‘The 
Structure of Light.” issued by the Cambridge Uni- 
versity Press, Cambridge, England, 1925. 
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From a photograph made for Porvitar Rapto by Arthur T. Merrick 
SIR OLIVER LODGE’S SUGGESTION OF ETHERIC HOOPS 
This diagram, greatly simplificd, gives an idea of the suggestion that ether waves con- 
sist of loops of force, flying off through space from an energised antenna. In reality, 
the loops of force are thought of as being numbered by billions each second, and as 
Aying off in all directions and with all possible inclinations of the plane of the loop. 
The loops move with the speed of light. Light rays are supposed to consist of similar 
loops much smaller in their diameter. 


For a radio antenna, the quantum-loop thus 
emitted is conceived as large but feeble; some- 
thing, Sir Oliver said, “of the nature of waves 
im’ some respects, though apparently vortex 
rings, but vortex rings with a wavelength equal 
to their own circumference.” For an ordinary 
broadcasting wave, then, the circumference of 
the quantum-loop would be of the order of 
three hundred meters and its diameter a little 
less than one third as much. A vast number 
of these separate rings or loops of energy is 
sent out from each antenna; one ring, as Sir 
Oliver appears to assume, for each electron 
which travels up and down the antenna wire. 
Since: the rings are of relatively large diameter, 
a large absorber (the receiving antenna) is 
needed to pick up their energy and to make 
them physically perceptible. 

In the case of light. the rings of energy 
are assumed to be produced by the fall of an 
electron from one position inside an atom to 
another position. The displacement is minute 
and the diameter of the quantum-ring sent out 
is equally so. Accordingly the absorbing unit 
may be small. A single atom may pick up a 
quantum of light; it will not absorb the much 
larger quantum-rings of radio. 


Sir Oliver does not pretend to have com- 
pleted the mathematical application of this hoop- 
of-energy idea to all the facts of physics or to 
have solved all of the difficulties in making such 
applications. He offers it merely as a sug- 
gestion. As such, it is probably the most rea- 
sonable and comprehensible yet made toward 
the solving of the great riddle of radiation. 
And not the least interesting thing about it, to 
the radio engineer, is that it has been attained 
and developed by a study of our own pet radio 
waves instead of by the study of the physicist’s 
usual material among the “shorter” waves— 
Sir Oliver would say the smaller hoops—which 
constitute X rays and light. 


Static from Drifting Snow 


It has long been known to the physicists that 
fine dust or fog, suspended in air, is likely to 
become electrified. That steam clouds from 
locomotives or from factory chimneys can also 
acquire an electrification and may become the 
source of local interference is a suggestion 
already noted in this Department. 

Now comes a German scientist, Dr. A. 
Stager, with careful experiments indicating that 
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loose snow. may be electrified with case; experi- 
ments which point-to drifting snow in cold 
weather as a very probable site of electrical 
discharges which may be quite perceptible in 
nearby radio receivers.* 
Dr. Staiger finds that when‘fine powders are 
blown about by air currents they invariably be- 
come electrified. Snow swept along by a gale 
in the Swiss mountains was found:to be strongly 
charged. It is concluded that’ the electrifica- 
tion thus developed in snow clouds or in clouds 
of ice crystals makes an important contribution 
to the electricity of certain varieties of thun- 
derstorms. One may draw, quite obviously, the 
further. conclusion that when snow is blown 
along by the wind during the wintry nights of 
this‘time of the year, the electrification devel- 
oped may become a veritable static broadcaster, 
although presumably with no great intensity. f 
That actual falls of snow are frequently ac- 
companied by troublesome static is an obser- 
vation made by many radio listeners. Two 
winters ago, in response to a note to this effect 
in Popucar Rapio, many readers wrote us con- 
firming it from their own experience. And, if 
Dr. Stager’s results are accepted, we must 
ascribe similar static-creating properties to loose 
snow blown along the ground by wind. 
Listeners who live in localities where loose 
snow is frequently blown about can perhaps 
obtain data confirming or refuting Dr. Stager’s 
ideas by noticing whether or not the amount 


of static is greater when much loose snow is- 


adrift. It will be interesting, too, to note 
whether this static is of the “whispering” va- 
riety or of some other kind. 


**Experimental Investigations into Contact Electrifi- 
cation by Dust and Cloud-Forming Powdered Sub- 
stances, and Especially of Snow as a Factor Produc- 
ing Storms” (in German), by A. Stiger. Annalen 
der Physik (Leipzig), vol. 76, pages 49-70 (January, 
1925). A later account appears in the same magazine 
for August, 1925. 


t''Radio Interference From Clouds of Steam,” 


Porucar Rapio for July, 1925, page 87. . Additional 
observations, confirming those recounted in this note, 
have been published by P. L. Mercanton, in a letter 
115, pages 874-875 


printed in Nature (London), vol. 
(Tune 6, 1925). 
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Radio to Test Theory of 
Drifting Continents 


Tuar the continents of the earth, Africa, 
Eurasia and the two Americas, are not fixed in 
their positions, but drift slowly across the 
earth’s surface, is the revolutionary theory pro- 
posed fourteen years ago by the distinguished. 
German geologist, Professor Alfred Wegener. 
Since then, and especially since the end of the 
war made international scientific cooperation 
again possible, the world’s geological experts 
have been devoting an increasing amount of 
attention to the idea. It was under active dis- 
cussion at the meeting of the British Association 
for the Advancement of Science, at Southamp- 
ton, last summer, upon which occasion Profes- 
sor J. W. Gregory, head of the Department of 
Geology at the University of Glasgow, made 
the suggestion that the matter be put to the test 
by means of radio.* ’ 

Professor Wegener’s idea is that the rocks 
of the earth are not uniformly rigid, but that 
there exists a layer of semi-viscous rock, many 
miles down below the surface, on which layer 
the continents float, much as icebergs float in the 
sea. The land mass of the two Americas was 
once in contact, he thinks, with the western 
edge of Europe and Africa. Anyone can note 
on the map that the two continental margins 
seem to fit into each other, like the parts of a 
picture-puzzle. During the millions of years 
of past geologic time America has drifted, 
Professor Wegener believes, to-the west. It is 
drifting still. Evidence is produced to indi- 
cate that early determinations of the longitude 
of Greenland show a more easterly position 
than the present one. According to Professor 
Wegener, this westward motion of Greenland 
may have been as much as thirty meters a year. 


* Professor Gregory’s suggestion was published in 
a newspaper notice released by Science Service. 
Washington, | C., on September 2, 1925, and 
rinted in Scsence (Lancaster, Penna.), vol. 62, num- 

1602, page x of advertising section (September 
11, 1925). We are indebted to Professor Gregory 
for kindly supplying some additional details. 


PROFESSOR MICHELSON’S FAMOUS INTERFEROMETER 


With this instrument, devised by himself, Professor A.A. Michelson, the distinguished 

physictst of the University of Chicago, has investigated a series of light-wave phenom- 

ena which indicate the wave theory of ether waves, instead of the quantum theory. 

Sir Oliver Lodge’s new “flying loop” theory is an attempt to reconcile these two oppos- 
ing theories of radiation. 
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From a photograph made especially for Popular RADIO by Campbell-Gray, London 


PHENOMENA WHICH THE WAVE THEORY WILL NOT EXPLAIN 


As pointed out on a previous page, the phenomena of photo-electricity have never 

been explained satisfactorily by the wave theory of light. The quantum theory does 

cxplain them. This cxhibit, set up by the physicists of Oxford University at the 

Wembley Exhibition, demonstrates the emission of electrons from metallic cacstum, 

contained in the lower bulb, under the PA of light rays from the upper, electric- 
light bulb, 


This amount is ample, Professor Gregory 
pointed out at Southampton, to be detected 
within a very few years by means of radio de- 
terminations of longitude. The radio time sig- 
nals sent out from the greater radio telegraph 
stations constitute, as every radio fan knows, 
the most precise method of determining longi- 
tude yet devised. This radio time is compared 
with local time, as read from the stars. If 
the point of observation drifts, by even so little 
as thirty meters a year, this drift is soon evident 
as an increased difference in time. It is pro- 
posed to apply this suggestion to the determina- 
tion of the motion, if any, of Greenland by mak- 
ing radio longitude determinations there for a 
series of years until the truth or falsity of the 
Wegener theory becomes apparent. * 


° The Wegener theory is outlined in detail and 
the evidence for it is collected in “The Origin of 
Continents and Oceans,” by Alfred Wegener, trans- 
lated by J. G. A. Skeri, 205 pages, E. P. Dutton 
and Company, New York, 1924. 


The Tilting of Radio Waves 


In this department for September, 1925, were 
described the important experiments of Dr. 


Smith-Rose and Mr. Barfield on the inclination 
of the electrostatic and electromagnetic fields 
at the front of a radio wave arriving from a 
distant station. It was expected that the wave- 
fronts might be found to be tilted downward 
somewhat when they were arriving after a pas- 
sage through the upper atmosphere—through 
the so-called Heaviside Layer. No determin- 
able effect of this kind was discovered, at least 
one of the obstacles being the fact that the con- 
ductivity of the soil in England was high enough 
to affect the inclinations of the electric and mag- 
netic fields of the wave. 

Dr. Smith-Rose and Mr. Barficld have now 
published an account of this work especially 
from the viewpoint of the radio engineer.* The 
conclusions are unchanged, but radio experts 
especially interested in the subject or intending 
to repeat the experiments will do well to consult 
the experimental details and the mathematical 
theory outlined in the newer and more complete 
publication. 


*Some Measurements on Wireless Wave Fronts,” 
oy R. L. Smith-Rose and R. H. Barfield. E-xperi- 
mental Wireless (London), vol. 2, pages 737-749 (Sep- 
tember, 1925). 
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CoNDUCTED BY HuGH S. KNOWLES 


In justice to our regular subscribers a nominal fee of fifty cents per question is charged to 
non-subscribers to cover the cost of this service, and this sum must be inclosed with the leiter 
of inquiry. Subscribers’ inquiries should be limited to one question or one subject. 


A Simple Way to Control 
Regeneration 


QUESTION : 
superheterodyne of standard construction 
using a separate oscillator. I want to 
experiment with the use of regeneration 
in the loop circuit. Is there any simple 
method of controlling the amount of re- 
generation secured without having to use 
a separate coil, tickler or anything of that 
type? 

N. FRAZER 


ANSWER: A simple way of controlling re- 
generation is shown in Figure 1.7 A loop with 
a mid-tap should be used. The outside turn, if 
the loop is of the pancake type, should be con- 
nected to the grid and the mid-tap to the 
negative filament lead.. The loop tuning con- 
denser which is incorporated in the set (not 
shown in the diagram) is connected from the 
grid to the filament. A small variable con- 
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I have an eight-tube 


denser of from .00005 to .0001 should be con- 
nected as shown at VC. The coil L 1s the out- 
put coil or primary of the first intermediate- 
frequency transformer. If VC is one of the 
“midget” condensers now available it can be 
mounted on the front of the panel. If tuning 
is too difficult when using it tune the set to a 
low wavelength and adjust VC just below the 
oscillating point and leave it fixed. 

This arrangement should be used only when 
a separate oscillator is used and the amount of 
energy from the oscillator can be controlled. 
In circuits of the autodyne type tuning is con- 
siderably more complicated and this arrange- 
ment is not recommended. 


How to Use a Grid Bias 


QuesTION : I want to build a five-tube 
receiver of the neutralized radio-fre- 
quency type; it will employ two stages 
of radio-frequency amplification and two 
of transformer-coupled audio-frequency 
amplification. Is there any way of get- 
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THE CONTROL OF REGENERATION IN THE LOOP CIRCUIT 


FIGURE 1: 
denser which controls the oscillations. 


This is a skeleton diagram showing the connection of the small variable con- 
The loop tuning condenser which is mentioned in the 


text, is not shown here. 
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THREE WAYS TO SECURE A GRID BIAS WITHOUT A “C” BATTERY 


FIGURE 2: 


These three diagrams, A, B, and C, illustrate the methods of obtaining a grid 


bias which have been described. Other methods which make use of the same principle wil 
readily suggest themselves to the experimenter. 


ting the proper grid bias without using 

a “C” battery? Should I use a bias on 

both the radio and audio stages? 
Harvey SMITH 


ANSWER: The bias normally necessary on a 
receiver of this type may easily be obtained by 
any of the three methods shown in Figure 2. 
If the radio-frequency stages are “neutralized” 
or “balanced” to prevent oscillation, it is advis- 
able to use a negative bias on the first two 
tubes. The ampere-hour delivery of a “B” 
battery rises rapidly with decrease in current 
drain and a negative bias on these tubes will 
considerably increase the “B” battery life. 

If the set is carefully designed and the coils 


Set so there is negligible inductive feed back ` 


it will be fairly easy to neutralize the amplifier 
even with a negative grid bias. In this case 
the method shown in Figure 2 A may be used. 
This gives the same bias to both the radio and 
audio-frequency tubes. R should be a 400 ohm 
potentiometer used as a variable resistance; C 
should be a .002 to .006 mfd. condenser to by- 
pass the radio-frequency currents. It should 
be connected from the end of the secondary of 
the radio-frequency transformers to the nega- 
tive filament lead. Make the connections as 
short as possible. 
The bias which is secured can be readily 
determined from Ohm's law 
E = RI 
where E is the bias, R the amount of resist- 
ance used in the potentiometer (f.e. the frac- 
tion actually used, not 400 ohms) and I, the 
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plate current or “B” battery drain of the whole 
set. 

Three or more volts bias should be used on 
the audio-frequency amplifier. If the radio- 
frequency stages can not be stabilized with 
this much bias either the method shown in 
Figure 2, B or C may be used. The method 
shown in B will give a fixed bias for the audio 
stages with a fixed plate current and a variable 
bias on the radio-frequency stages. The latter 
variable is an advantage, as it permits adjust- 
ment just below the oscillating point for maxi- 
mum sensitivity. 

The bias on the audio stages will depend on 
the “B” battery current which in turn will vary 
with the grid bias used on all of the tubes. 
With this bias properly adjusted the normal cur- 
rent for a set of this type will be about 10 
to 15 milliamperes. The equation previously 
given shows that if a 200 ohm potentiometer 
is used at R, the bias will vary between 2 and 
3 volts, which is slightly low. A 300 ohm 
potentiometer will give a bias of from 3 to 
4.5 volts and a 400 ohm potentiometer from 
4 to 6 volts on the audio stages. In each case 
the grid voltage can, of course, be reduced to 

by decreasing the amount of resistance 
ita the slider arm and the negative A 
to O. 

The arrangement shown in Figure 2 C 
permits variation of the bias applied to both 
the radio and audio-frequency amplifying tubes. 
The radio-frequency bias may be adjusted from 
O to 2 or 3 volts with a 200 ohm potentiometer 
at R: depending on the plate current, and the 
audio bias regulated from 2 or 3 volts to 4 or 
6 with the same size potentiometer at R. 
Radio-frequency by-passing condensers should 
be used as shown. The impedance across the 
biasing resistance is very small compared to 
that of the whole output circuit and there will 
be negligible grid voltage variation due to the 
alternating plate current variations. 
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The Parts You Need for a 
“Nameless” Receiver 


QueEsTION: I have a set of coils for a 
“Nameless” set and would like to build 
one. I find that the circuits available 
vary somewhat, and I should like to have 
the proper circuit and a list of the other 
parts necessary with their values. 

C. Hoopes 


ANSWER: The circuit you request is given 
in Figure 3. You will need the following 
parts in assembling it: 3 

L1, L2, L3, L4, L5, L6, L7 and L8 are a set 

of Bremer-Tully “Nameless” circuit coils ; 

VCl, VC2 and VC3—Variable condensers, 

00025 mfd.; > 

Cl and C2—Fixed condensers, .001 mfd.; 

RI and R3—Rheostats, 20 ohm; 

R2—Rheostat, 6 ohm: 

GC—Grid condenser, .00025 mfd. ; 

GL—Grid-leak, 2 megohm; 

Jl and J2—Jacks, double circuit; 

J3—Jack, single circuit, filament control type; 

AFT i—Audio-frequency transformer, first 

stage type; 

AFT2—Audio- frequency transformer, second 

Stage type. 

The “A” and “B” batteries should have the 
values noted. 

R1 controls the filament current of the two 
radio-frequency tubes, R2 the current of the 
detector tube and R3 that of the two audio- 
frequency amplifier tubes. The filament of the 
last tube is controlled automatically by the jack, 
but if the telephone plug is inserted in the first 
jack the rheostat has to be readjusted. This 
trouble can be eliminated by using an automatic 
tilament control cartridge in series with the fila- 
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THE HOOK-UP OF THE “NAMELESS” RECEIVER 


FIGURE 3: 
bot 
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The pro pe wiring diagram of the “Nameless” Receiver using “C” batteries in 
he radio and audio-frequency stages is shown here. 
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ment of the last tube after disconnecting it 
from the rheostat R3. 

The condenser VC4 should be adjusted just 
below the oscillating point when the set is 
tuned to a low wavelength. The condenser C2 
prevents the “B” battery being short-circuited 
through VC4. 

The value of GL will vary slightly with 
ee tubes and several values should be 
tried. 

If a hard tube of the 20l-a type instead of a 
UV-200 is used for a detector the grid return 
from the detector tube should be connected to 
the A plus. The rheostat R2 should then be 
a 30 ohm one. 


“C” Battery with Resistance 
Amplifier 


QuEsTIon: I have a set using two 
stages of radio-frequency amplification, 
detector, one transformer and two re- 
sistance stages of audio-frequency am- 
plificatior The transformer stage has 
a “C” battery giving it 3 volts (nega- 
tive), but the resistance stages have 
none. I would like to know whether or 
not the resistance stages should be con- 
nected to use this negative bias? 

FRANK McGEAR 

ANSWER: Less “C” negative bias can be 

used in a resistance-coupled amplifier than 


in a transformer-coupled amplifier. This is 
due to the fact that the combination of the 


q The article, 
nally scheduled for this issue, 


“How to Build and Operate a Low-power Transmitter,” 
will appear in 


blocking or grid condenser and leak gives a very 
small negative bias. Where only a small bias 
is wanted this system of obtaining it is satis- 
factory. This is sufficient for the first 
stage if a 20l-a type tube is used, both 
because the bias needed is slight and the 
plate voltage is fairly low. Although 135 volts 
is generally used on the plate circuit the drop 
through the coupling resistance generally 
brings this down to from 25 to 50 volts. In the 
last stage practically the full 135 volts is applied 
to the plate due to the low resistance of the 
loudspeaker. Unless special provision has been 
made for either using a lower plate voltage or 
introducing a resistance in this circuit it will 
be advisable to use about 4.5 to 7.5 volts nega- 
tive bias on the last tube. This would require a 
high resistance leak which would permit the ac- 
cumulation of a high charge on the condenser. 
The grid cannot become more negative than 
necessary to reduce the grid current to zero by 
this method. This has the disadvantage of giv- 
ing a high grid swing when a loud signal comes 
in and if the coupling condenser is large there is 
some time lag before the condenser can fully 
discharge and reach the point of no signal oper- 
ation. By connecting the leak to the C (—) lead 
that you now have you can secure the proper 
bias with a lower resistance leak. (A separate 
“C” battery can be used by connecting the 
plus C to the A minus and the C minus to the 
leak.) The leak should have a value of ap- 
proximately .1 megohm (100,000 ohms) as a 
lower value materially reduces the amplification. 
The reason for this is apparent when it is re- 
membered that this leak is in shunt to the input 
circuit of the tube and will therefore lower the 
voltage applied to the grid of the tube. A 
more complete discussion of this subject ap- 
pears on page 112 of this issue. 
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BROADCAST. LISTENERS ATTEND A CEREMONY BY RADIO 
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When Bishop Manning laid the cornerstone of the nave of the Cathedral of St. John 

the Divine in New York, the occasion was attended—aurally—by those within recep- 

tion range of station WEAF. The broadcasting of historic events ts vastly extending 
| public interest in the news of the world. 


The BROADCAST LISTENER 


Comments on radio programs, methods and technique 
—from the point of view of the average fan 


By RAYMOND FRANCIS YATES 


Eight Ideas for Solving the 
Copyright Problem 


A FEW months back we had a little sympathy 
with the demands of the American Society of 
Composers and Authors and their efforts to 
make the broadcasters pay a reasonable fee for 
the right to use copyrighted work. Subsequent 
ection on the part of the composers, however, 
has caused us to pitch our tent in the camp of 
the National Assoctation of Broadcasters and 
the appalling political power of this depart- 
ment is now squarely behind the movement to 
free broadcasting from a threat aimed at its 
very existence. This sudden change in atti- 
tude was brought about by the unreasonable 
fees asked by the composers, fees that show no 
tolerance, no mercy and anything but a desire 
to contribute to the most civilizing art that has 
appeared in the whole range of human history. 


Broadcasting paralyzes one’s mental faculties 
with its possibilities and yet a peanut-minded 
coterie of composers would aim an arrow at its 
very solar plexis or what it thinks to be its 
solar plexis. It was the spirit of this threat 
rather than its possible consequences that caused 
us to dispatch the following wire to the chair- 
man of the Broadcasters committee during its 
November meeting in Washington: 


“Tt is evident that the Society of Authors, 
Composers and Publishers is made up of un- 
reasonable and highly overrated writers of the 
Irving Berlin school of bunk music. They 
write ditties on their cuffs in Keen’s Chop 
House and expect the American public to pay 
millions for them. Fortunately broadcasters 
nave been victimized only to the extent that 
they highly overestimate the importance of the 
Society of Compromisers, Augers and Penal- 
izers. 
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“Why does not the National Association of 
Broadcasters take advantage of its own tre- 
mendous power for publicity and banish once 
and for all time this blustering menace to the 
radio art’ Here is a suggested plan: 

“l. Let the National Association of Broad- 
casters appoint Music Finding. and Publishing 
Committee with the slogan ‘More Music From 
America.’ = : 

“2. This committee, through the voice of 
nearly three hundred broadcasting stations, to 
ask every American musician to submit his 
themes for music and words to a central office. 
The Society of Authors controls only 400 com- 
posers. We have 15,000 in America to say 
nothing of undiscovered talent. 

“3. Guarantee the writer of every new song 
suitable for broadcasting $1,500, which means 
that every broadcaster in the United States 
would pay $5.00 for the right to perpetually 
broadcast a new number. 

“4. Broadcasters to organize friendly groups 
of publishers not members of the Society of 
Composers. These publishers to receive sole 
right to publish songs found and popularized 
by the broadcasters. Publishers would pay 
authors of song standard royalty. This in ad- 
dition to the original payment by the broad- 
casters of $1,500. 

“S. On a 500-song-a-year basis, this plan 
would cost each broadcaster only $2,500 yearly 
for the use of the latest songs. 

“A Permit broadcasters to sell songs by 
mail and to announce this on the air. 

“7. Broadcasting is the most powerful pub- 


N. R. Winters 


- are hostile to radio. 
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licity agency in the world today. It can popu- 
larize a song over night. Every song hit is 
14 song and 34 plugging. Radio can make more 


. song hits in one month than the Society of 


Composers has made in its entire career. — 

“8. Broadcasters should completely and 
severally boycott all producers of music that 
1 The offensive and the ini- 
tiative should be taken by the National Associa- 
tion of Broadcasters and not by the Society of 


' Composers, Authors and Publishers.” 


$ * * 


Another Good Word for a 
Broadcast Act 


THE young man who builds up and measures 
out the Eveready programs may be a novitiate 
in the entertainment business, but he has turned 
out to be an imaginative broadcasting experi- 
menter of no mean ability. For over a year 
now, he has been providing this department, 
week in and week out, with a program that is 
always refreshingly new in thought and in exe- 
cution. Often these new radio acts are so new 
that they squeak a little if you put your ear 
right up close to the horn but they never squeak 
to the point of hurting. That is something that 
you cannot say about the new thrusts that have 
been made by some of our more widely recog- 
nized impresarios.. The Eveready Hour is 
rarely dull and is ofen magnificent. 

Back in November, Edgar White Burrill 
read the sombre lines of “Evangeline” with a 
warm and sympathetic musical accompaniment 
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U.S. DEPARTMENT OF COM) 


A RADIO DETECTIVE ON WHEELS 


By means of this automobile, which is fitted out with wavemcters and directional 
devices, radio supervisors of the Department of Commerce track down disturbers of 
the listener-in’s peace. Violet-ray and X-ray machines (such as are used in doctors’ 
and dentists’ officcs), leaking power lincs, electrically-operated oil-bearing furnaces 
and sources of interference are located and remedied. Broadcasting stations that 
venture off their assigned wavelengths are warned to return to their own part of the 
wavelength band. The arca covered by New York, Pennsylvania, Ohio, West 
Virginta and Michigan ts policed in this way. 
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in the background. It was, according to our 
fourth-rate judgment, a splendid piece of work 
but it began to move ponderously after the first 
half hour had passed. Unless your heart is 
especially susceptible to the stabs of sentimental 
poems, a full hour’s recitation of “Evangeline” 
is a pretty heavy dose. It scems to us, and here 
-again we may show ourselves up as being a 
naivcté, that the dramatic features of the poem 
-could have been read in a bare half hour, leav- 
‘ing out the more irrelevant passages. The pres- 
entation of this feature left us with the notion 
that poetry accompanied with music is good if 
you know where to stop. 


+ * * 


The WEAF Boys Take to Football 


WHEN we reach the ninth page of this re- 
view we are usually as limp as a rag. This 
time we have just enough strength left to regis- 
ter a weak protest against the very un-football- 
like announcing of the two honor graduates of 
the A. T. and T. Diplomatic School, the Messrs. 
Carlin and McNamec. This pair might make 


excellent observers in a clash between the eleven 
of the Erasmus and Washington High Schools 
but they flopped badly while working as a unit 


Pacific & Atlantic 


BRINGING IN A PROGRAM WITH 
A PUSH BUTTON 


A row of push buttons supplants the usual 
condenser dials on the panels of this novel re- 
ceiver. These buttons are wired to cut in on 
portions of an inductance coil, so that all that 
is necessary to tune in on a certain station ts to 
push the button marked with its call letters. 
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on the Cornell-Pennsylvania game. Their de- 
portment was just plain terrible. Mr. Carlin 
sounded like a man who had just completed a 
digest of the Spaulding Year Book, after years 
and years of ignorance of the game. 

First off, Mr. Carlin tried to be flippant and 
witty and Mr. Carlin is the easiest person in 
the world to detect in a flippant and witty 
mood. Mr. Carlin also muffed the significance 
of many plays, and, to top it all, he found it 
necessary constantly to correct himself. He did 
this as many as three times. 

When it was all over, the ingratiating Mr. 
McNamee bobbed up to the microphone and 
told the audience that he was glad that he 
personally would announce the Army-Navy 
game. 

This, of course, put an end to all doubt as to 
the perfect manner in which the Army-Navy 
game would be handled. 


k ~ - * * . 


Nicknames for Announcers 


Ir there is anything contributing to the bar- 
ber-shop atmosphere of our more loosely man- 
aged radio studios it is the nicknames that 
many of our publicity-hunting announcers take 
for themselves. To hear the roll call ot 
America’s announcers, you might think it was 
the scrape football team of the gashouse gang. 
There is the “Merry Old Chief,” the “Solemn 
Old Judge,” “The Hired Hand” and dozens of 
other cheap pseudonyms. All of this, of course, 
is a neat part of the plan for bigger and better 
popularity for the announcers. Somebody it 
scems (perhaps it was Charlie Chaplin) once 
told the announcers that when they spoke they 
were speaking to the “masses” of America and 
it would be necessary for them to gab in a 
tongue and in a style that the American masses 
would understand. With few exceptions, this 
advice has been carried out to the letter and 
now there is nothing left for our announcers to 
do but to talk out of the corner of their mouths 
and to say “Hully gee” on the least provocation. 


* * * 


An Apology 


SEVERAL issues back we waltzed out with a 
suggestion which has since proven tardy—to be 
exact we were just about one week late with it. 
We suggested that broadcasters use the time 
between studio features to give the late news 
items of the day. That we figured would be 
much better than the practice of permitting an- 
nouncers to fill the interifn with impromptu this 
and that. The records now show that WJZ 
had begun this sometime before the thought nad 
occurred to us. That, of course, made our big 
idea a faur pas and we hereby how low and 
magnificently to the real originator of the in- 


novation. š ‘ 7 
Bad Manners That Need 
Correction 


Here is 1926 and we still have broadcasters 
who cat from their knives and who do all sorts 
of impolite things. It was only a few Sundays 
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THIS AMPLIFIER LEADS THE CHEERING FOR DEAR OLD 
ALMA MATER 


Why strain the vocal chords of the checring section of the grandstand at an athletic 

contest when radio apparatus can do the work better? To the Brooklyn Technical 

High School, New York, belongs the credit of reducing to a science the energies 

cxpended in notse- -making ; a single cheercr, by means of this apparatus, can gtve a 
yell that can be heard a mile away. 


back that WMCA became impolite to an ex- 
tent that, to our knowledge, has been unmatched 
in the annals of the art. WMCA was guilty 
of more than a tactless error; it was just a 
plain offense. 

This station was scheduled to broadcast its 
dinner music at seven o'clock; something that 
had been in the past a staple and satisfying 
feature coming as it did at the end of a rather 
uneventful afternoon. You can well imagine 
that this department developed a somewhat 
high temperature in the region of the collar 
bones when, instead of hearing the overture of 
the orchestra, it was introduced to a gentleman 
who was selling—guess what? Automobile 
paint! We were tremendously stirred by this 
crass breach of form and while at our hottest 
we had even thought of writing to Mr. Hoover 
to see if his next conference could not put 
down a law to thwart the trick of obtaining 
listeners under false pretenses. On second 
thought, we decided that mother has only one 
pair of hands and that she has plenty of naughty 
broadcasters to take care of without our becom- 
ing a tattle-tale. 

* + a 


A Crestfallen Critic 


Futty understanding the staggering difficulty 
of finding a radio program scheme that would 
meet with universal approval and being fully 
cognizant of our own limitations in the matter, 


we asked our readers (in the November issue) 
to help us solve this enigma of the radio busi- 
ness. Up until this time, we had thought that 
radio listeners had some pretty definite notions 
about what they wanted and they did not want 
and that they would, upon the least provoca- 
tion, show our studio managers how far they 
were from hitting the popular idea. 

Our plan, we regret to announce, has fallen 
flatter than Aunt Clara’s pancakes, and we are 
quite broken up about it. We did receive a del- 
uge of letters but, instead of proving our point, 
they showed unmistakably that our studio 
managers are not so dumb as we had thought 
they were and that, further, they are giving the 
great American public a pottage of entertain- 
ment with jnst about the right flavor. Here 
we have been basing our calculations on a 
pate de foi gras basis when we should have 
started off with noodle soup. And so we turn 
away crushed and defeated but way down in 
this old hulk a tiny voice is saying: “You’ve 
got the right idea but the world is cockeyed.” 

The first prize for the best program received 
roes to Mrs. Bessie Jones of Glen White, W. 
Va. We might add that it was Mrs. Jones’ 
letter more than her program that caused us to 
favor her solution to the problem. 

Mr. JT. B. Davis, Kevport, N. J.. came within 
a bed-time story of beating out Mrs. Jones. 
Mr. Davis was doing fine until he put “Children 
Stories” in between 7:30 and 7:35 o'clock. 
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The Applause Card Nuisance 


WE have just about lost our patience with 
the studios that insist upon asking for mail 
after each feature, and we are posting a fair 
warning now. lf it continues for another thirty 
days—let’s see, that puts the time limit at Feb- 
ruary 20—we shall set out on a special murder 
campaign, and no power in this wide, wide 
world will stop the carnage. Dark-skinned men 
in slouch hats with bandanna handkerchiefs 
about their necks will be stationed outside stu- 
dio entrances to strike low those who dare to 
invite listeners-in to write to this or that artist. 
This is final. 

If there is one thing that sends this reviewer 
into something more than a mild frenzy, it 1s 
the invitation to applaud this or that artist (and 
often much less) by mail. Nor does that mean 
that we are a savage old ingrate. While we 
do not raise our hands very high or shout 
“bravo” while applauding at the theater, we 
applaud as often and as boisterously as any 
theatergoer west of Eighth avenue between 
Fifty-ninth and Thirty-fourth streets. What 
we object to, and the one and only cause of our 
special thirty-day murder campaign, is being 
asked to applaud. In asking you to applaud, 
an announcer arbitrarily assumes that you have 
just graduated from 6th Grade Class B and 
that, further, you are mentally nothing short of 
a classical specimen of dumb-bel 

Imagine, if you will, the spectacle of Mr. 
Ziegfeld stepping out on the stage at the New 
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THE HEAD RADIO ANNOUNCER 
Mr. Arthur F. Edes (known to radio fans as E-F-A, 
ts president of the Radio Announcers of America. 
He ts the program director of station WEEI in 

Boston. 


POPULAR RADIO 


Amsterdam Theater to ask his audience to ap- 
plaud! Now just a moment there. We knew 
that you would say that Mr. Ziegfeld pays 
good big money to his actors and that we have 
no right to make such a comparison. Well, 
Smarty, we insist that this has absolutely noth- 
ing to do with the case. Nobody insisted that 
Annabell Tish come to KFI or that Hortense 
Simpson should bring to a close her three years 
of vocal lessons with a début from WJZ. 

All of this is by way of combating a growing 
American tradition that all broadcast perform- 
ers are, in a measure, a sort of entertainment 
section of the Salvation Army and that you, 
ourselves, and your good neighbor Jones, owe 
each and every artist a nice helpful word of en- 
couragement. You are supposed to carry 
around with you a line of thought something 
like this: “Well, the poor devils are doing their 
best to entertain the great American public, 
and I guess I at least owe them an applause 
card.” If you don’t believe that that is the 
thought you are supposed to put under your 
old derby, just listen to the pathos in the voice 
of the next announcer that asks you to endorse 
the activities of any performer. 

There is just one more angle to this subject, 
Dear Reader, that we wish to discuss with you 
before you indulge in the big; airy paragraphs 
beyond. You have probably heard the nice 
little boys down at WEAF come to the micro- 
phone and tell you in a sort of well-you-know- 
it-doesn’t-make-any-difference-to-us way that 
the members of the Little Wonder Gas Lighter 
orchestra would appreciate knowing whether 
or not their program was good. The Little 
Wonder boys, no doubt, have an autographed 
post card (Mr. Antonio Bambirinio, the con- 
ductor conspicuously seated in the exact center 
of the first row) which they will be glad to 
send to their admirers. It may be that you will 
be lucky enough to horn in on some of the 
free samples of baking powder that the big- 
hearted president of the Hoosick Falls Chemical 
Company has decided to distribute, or perhaps 
you can get that cookbook that tells you about 
muffins without butter and shortening. 

The WEAF announcing sorority exhibit some 
of the most beautiful, hand-carved announce- 
ments that have ever been turned loose upon 
the air of these United States. Nobody but a 
full-fledged graduate of the A. T. and T. Dip 
lomatic chool could issue such carefully tooled 
Invitations. Time and time again we have sat 
before our loudspeaker and defiantly answered 
them back with: “Well, you're pretty slick, but 
you can’t fool this sly old weasel.” E 

Now here is some inside dirt. Don't you 
believe what we said about WEAF not being 
interested in receiving applause cards. It is 
rumored that the first thing’ the big director 
of broadcasting does when he arrives at the 
office in the morning is to ask for the number 
of applause cards received. If the number is 
not great enough to satisfy the advertiser, the 
professors of the WEAF Diplomatic and Rhet- 
oric School are given implicit instructions to 
remain closeted with “the boys” until they can 
exude an announcement that will make John 
D. Rockefeller, Sr., write for the catalog of 
the Pine Valley Oil and Refining Co. 
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A LOUDSPEAKER THAT MAY SUPPLANT THE DANCE ORCHESTRA 


This plaque-like device, which the inventor, Mr. M. C. Hopkins (seated at the left), has appro- 
priately named the “Titanafram, has been developed for use in halls or auditoriums where 
reception in loud volume is required. Itis said that under favorable conditions the volume of 


sound from tt can extend over five miles. 


This picture shows one of the two experimental 


instruments now in use. 


Re. the Battle for Better 
Announcing 


WHATEVER our luck may have been in the 
matter of finding a masterpiece in programs, we 
have found plenty of public sympathy in our 
battle for better announcing. The many an- 
nouncers who have “bawled us out” over vari- 
ous nom de plumes will do well to read a few 
of the legitimate letters that we have received. 
We are presenting two for examination: 
“Dear Sir :— 

“Upon several occasions you have distinctly 
voiced our sentiments about announcers, but 
what can we do about it? We of the radio 
audience are placed somewhat, not by choice, 
but by circumstance, in the beggar class. Since 
we can not be choosers we patiently listen to 
the announcer entertain himself, knowing that 
our time will eventually come to be enter- 
tained: therefore I say that we require only 
the briefest introduction and comment from the 
announcer. Let the talent entertain, for that’s 


what they’re there for. If the announcer must 
fill in a number, and he should always be 
suitably prepared against such an emergency, 
let him do it as an entertainer—without apology 
and with little comment. Then let the radio 
audience judge of the merit of his effort. 
“With the arrangement of program such as I 
have outlined above, it seems to me that every- 
body might be suited in part of the program, 
and almost everybody in all of the program. 


J. B. D?” 
“Dear Sir :— 

“Your attention is respectfully invited to the 
attached article with reference to Announcers. 
This article ‘hits the nail on the head’ and is 
the first truthful criticism regarding announcers 
that I have scen, all crit'cs appear to be fear- 
ful of saying a word to them. Personally I see 
no use of announcers whatever. When we first 
had phonographs each record had an an- 
nouncer, but they died away. A society for 
the elimination of announctrs would have 
many charter members. 

“W. A. S.” 


CONDUCTED BY LAURENCE M. COCKADAY 


Calibrating an Oscillating 
Wavemeter 


STATON WWV of the Bureau. of Standards, 
in Washington, D. C., has been making a prac- 
tice of transmitting standard-frequency signals 
twice each month for the benefit of those who 
want to calibrate wavemeters or have use for 
the standard-frequency signals. These trans- 
missions serve as a reliable means for calibra- 
tion work because of the unquestioned accuracy 
of the frequencies transmitted. 

The transmissions occur on the 5th and 20th 
of each month, starting at 10 P.M. and lasting 
until 11.32 P.M., Eastern Standard time. They 
are arranged on a definite schedule; a certain 
band of frequencies is transmitted on each of 
these nights. On October 20, for instance, the 
band of frequencies from 1,500 to 3,000 kilo- 
cycles was covered (200 to 100 meters) as 
follows: 


10.00 to 10.08 P.M. trans. freq. 1,500 kc or 200 m. 
10.12 to 10.20 P.M. trans. freq. 1,650 kc or 182 m. 
10.24 to 10.32 P.M. trans. freq. 1,800 ke or 167 m. 
10.36 to 10.44 P.M. trans. freq. 2,000 ke or 150 m. 
10.48 to 10.56 P.M. trans. freq. 2,200 kc or 136 m. 
11.00 to 11.08 P.M. trans. freq. 2,450 ke or 122 m. 
11.12 to 11.20 P.M. trans. freq. 2,700 ke or 111 m. 
11.24 to 11.32 P.M. trans. freq. 3,000 kc or 100 m. 


The transmission is by means of continuous 
wave telegraphy and it is therefore necessary to 
use an oscillating receiver in receiving the sig- 
nals. The procedure of the transmission is to 
tune the transmitter to 1,500 kc and at 10.00 
P.M. the transmission is started on this fre- 
quency. Transmission consists of miscellaneous 
signals, the call of WWV and announcement of 
the frequency, all in continental code, and a 
series of dashes. This continues for eight min- 
utes. Four minutes are then allowed to tune the 
transmitter to the next frequency and from 10.12 
to 10.20 the process is repeated at a frequency 
of 1,650 kc. and so on. 

The signals are also transmitted from station 
6XBM, Stanford University, California, from 
10.00 to 11.32 Pacific Standard time, for the 
use of those located in the west. Thus the 
signals are available to anvone in the United 
States who has a fairly sensitive receiver. 


A complete schedule of the transmissions cov- 
ering a period of four months is given in the 
monthly Radio Service Bulletin which may be 
obtained from the Superintendent of Docu- 
ments, Government Printing Office, Washing- 
ton, D. C., at a cost of five cents. 

As to actual process of calibrating the wave- 
meter, a description of the calibration of one ot 
the type described on pages 267-271 of the Sep- 
tember, 1925, issue will be useful. 

The calibration was made during the trans- 
mission on the night of October 20. Unfor- 
tunately the experimenter was forced to miss 
the first three frequencies. Using the other 
five frequencies, however, four coils for this 
wavemeter were calibrated, covering from 50 
meters up to 555 meters. This, of course, called 
for the use of the harmonics of the regenerative 
receiver used for the reception, and of the har- 
monics of the oscillator wavemeter. 

The first frequency tuned in was 2,000 kc or 
150 meters (from now on we will refer to 
wavelengths rather than frequencies). Leaving 
the receiver tuned to this wavelength, coil X2 
(see page 267 of September issue) was inserted 
in the wavemeter and the wavemeter placed 
about four feet from the receiver. The wave- 
meter dial was then slowly rotated until a loud 
heterodyne whistle was heard in the headphones 
connected to the receiver, indicating that the 
wavemeter was tuned to resonance with the re- 
ceiver, and was therefore tuned to 150 meters. 
The reading of the wavemeter dial, 88, was then 
noted and the first point for our calibration 
curve thus obtained. Moving the wavemetert 
closer to the receiver the dial was again mov 
and another heterodyne whistle was heard at 
11. This whistle was fainter than the first and 
the experimenter therefore knew that the wave- 
meter was tuned to the second harmonic of the 
received signal, or 75 meters. Thus the second 
point of calibration was obtained. 

Coil X3 was then inserted in the wavemeter 
and the dial slowly rotated throughout its entire 
range. Two heterodyne whistles were heard. 
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one quite strong at 12.5 on the dial and a weaker 
one at 94. Knowing the range of coil X3 to 
be somewhere in the neighborhood of 120 to 
400 meters it was evident that the low setting 


was the wavelength to which the receiver was 


tuned, 150 meters, giving the third point. Turn- 
ing the dial of the wavemeter to 94 meant that 
the wavelength to which the wavemeter was 
tuned was higher; therefore the second har- 
monic of the wavemeter must be heterodyning 
with the oscillations of the receiver at 150 
meters. 


or 300 meters. This was point No. 4 for our 
curve. When coil X4 was inserted two more 
heterodyne whistles were heard at 35.5 and 
%.5 on the wavemeter dial. The range of coil 
X4 was known to be about 190 to 600 meters. 
The dial setting 98.5 was approximately in the 
middle of the dial range (180 degree dial) 
therefore the whistle heard there meant that 
the wavemeter was tuned to 450 meters and the 
receiver oscillating at 150 meters was hetero- 
dyning with the third harmonic. With the 
wavemeter tuned to the other whistle at 35.5, 
it was tuned to 300 meters, the second har- 
monic of which was heterodyning with the 
received wavelength, 150. 


This meant that the wavemeter was 
tuned to twice the wavelength of the receiver, 
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Finally coil X1 was placed in the wavemeter 
and the wavemeter moved close to the receiver. 
The range of this coil was known to be about 
30 to 100 meters. One heterodyne whistle was 
heard at 92 on the dial. lt was therefore evi- 
dently tuned to the second harmonic of the re- 
ceiver, or 75 meters. 

Thus from the one standard signal received on 
150 meters two calibration points were found 
for all the wavemeter coils but the smallest and 
one point was found for the latter.. All of this 
was accomplished during the 12-minute period 
of the 150 meter transmission from WWV. 

When the transmission was started on 136 
meters the same process was repeated. In this 
case one calibration point was obtained on each 
of the smaller coils X1 and X2. On X3 two 
points were obtained and on X4, three points. 

From the five frequencies transmitted from 
WWV the experimenter was able to obtain six 
points for coil X1, seven for coil X2, nine for 
coil X3 and fifteen for coil X4. This was 
enough to make up calibration curves for each 
of the four coils. The form used in making 
up the curves were the same as the illustration 
on page 271 of the September, 1925, issue of 
PoruLarR RADIO. 

—S. Gorpon TAYLOR 


An Efficient Coil Winder 


Wits the aid of two wooden discs, a car- 
riage bolt and a sewing machine, the radio 
experimenter who winds his own coils can do 
an infinitely quicker and better job than he can 
do by the usual method of winding his coils 
by hand. 

Figure 2 shows how the device is attached to 
a portable electric sewing machine. The ap- 
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paratus itself, as shown in Figure 3, consists 
primarily of two wooden discs between which 
is centered the tube or form upon which the 
wire is to be wound. These discs are connected 
together by a carriage bolt, which when tight- 
ened holds the tube securely in place. 

The thicker of these two discs rests against 
the flywheel of the machine. It is held in 
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A COIL WINDING MACHINE 


FIGURE 2: 


This picture shows how the ordinary electric sewing machine may be used for 


winding coils with the aid of a simple attachment. 
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place by two or three screw-eyes that pass 
between the spokes of the flywheel. These 
screw-eyes hold the disc securely in position. 
They may be easily unscrewed when the house- 
wife wants to sew. 

The winding form, usually a Bakelite tube, 
is placed between the discs and the bolt is 
tightened slightly. The machine is then spun 
slowly and the tube shifted to a central posi- 
tion so that it runs true. The bolt is then fully 
tightened and the winding started. In this way 
a coil may be wound in a few minutes that 
would ordinarily require an Four if done by 
hand. And when finished, the machine wound 
coil will not only look better but it may actu- 
ae i a more efficient coil than one wound by 
hand. 

The so-called “binocular” coils used in both 
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the Grebe and Grimes radio sets may be casils 
and quickly wound on this machine. This type 
ot coil has somewhat the same electrical char- 
acteristics as the toroidal or “doughnut” coils. 
Incidentally, the binocular coils are wound in 
pairs but the windings are in opposite direc- 
tions. (Simply turning a coil, end for end will 
not reverse the direction of the winding.) 

But with the help of this machine, the prob- 
lem is easily solved. 

lirst, one set of coils is wound, with the 
motor rotating in one direction. The brushes 
on the motor are then shifted so as to reverse 
it. Finally another set of coils may be wound 
corresponding to the first set but with the wind- 
ings in the opposite direction so that the field: 
will be reversed. 

—H, G. Bersie. 


Eliminating that Continuous 
Whistle 


LETTERS are sometimes received from owners 
of receivers, in which they state that a receiver 
which functioned well for some time suddenly 
developed a tendency to whistle continuously. 
Sometimes the whistle is high pitched and other 
times it 1s in the form of a coarse roar. In 
some cases, too, the whistle may be noticeable 
from the first day the receiver is hooked up. 

There are various causes of this trouble. 
Perhaps the most common is defective or 
worn out “B” batteries. 

In certain types of receivers one or more 
worn out “B” batteries will start trouble by 
first causing a slight but continuous whistle 
which grows in volume as the batteries run 
down further. On the other hand it is also 
possible for a new battery to cause this trouble 
due to one defective cell. Such a case was 
experienced recently. A new 22% volt battery 
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was installed with others in a receiver an¢ 
immediately a pronounced shrill whistle was 
noticed. AH of the batteries tested over 20 
volts, which is high enough for satisfactory 
operation. Nevertheless the receiver would 
not whistle with a different set of “B” bat- 
teries. Finally a small voltmeter was used to 
test the individual cells of the batteries and 
disclosed the fact that one of the cells in the 
new battery was defective. Its voltage was 
less than 1% volt. This cell was short circuited 
with a piece of wire to cut it out of the circuit 
altogether and the bothersome whistle imme- 
diately disappeared. 

Often the use of three stages oi trans- 
former coupled audio frequency amplification 
will cause a whistle, and it is for that reason 
that more than two stages are seldom used in 
modern receiving set design. 


THE WINDING FORM 


FIGURE 3: This drawing indicates the mechanical construction of the coil winding devia 
and the method of attaching it to the flywheel of the sewing machine. 
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THE HARTLEY CIRCUIT 


FIGURE 4: 


monly used today for reception on wavelengths under 100 meters. 
ing article discusses the necessity of suitable coupling between the antenna and 
closed circuits if maximum efficiency ts to be obtained in short-wave reception. 
The use of the variable condenser in the antenna circuit ts optional, as explained 


This circuit, or some of its modifications, ts probably the most com- 


The accompany- ° 


a in the text. 
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If three stages are to be used (with trans- 
formers) it is usually quite essential that they 
be doctored up with fixed condensers and 


resistances across the transformer windings. . 


Frequently a fixed condenser of about .0005 
mfd. capacity across the secondary of the first 
transformer with a similar condenser and a 
variable resistance such as the Bradlevohm 
No. 25 (25,000 to 250,000 ohms) across the 
secondary of the second transformer will help 
to eliminate the trouble. Similar doctoring 
inay be necessary in the case of the third 
transformer too, however. 

Where only two stages of transformer 
coupled audio amplification are used the 
whistle may also be present, usually due to 
the use of transformers of poor quality or 
too high ratio. About 5 to 1 ratio is as high 
as can safely be used, and even this ratio is 
advisable only in the case of the first stage of 
a two stage amplifier. The second stage ratio 
should be not higher than about 3 or 4 to 1. 

Another common cause of a continuous 
whistle or howl, especially in the present day 
multi-tube receivers, is the so-called ‘“micro- 
phonic howl.” 

In this case the vibration of the diaphragm 
of the loudspeaker causes the tubes to vibrate. 
Usually this sort of a howl builds up until it 
assumes tremendous proportions. When the 
receiver is turned on the howl may not be in 
evidence at all, or else only slightly. Within 
a very short time, however, it becomes very 
noticeable, gathering volume as it goes along. 
In some cases a sudden jar of the receiver 
will be needed to start it, but once it gets 
started it can only be stopped by turning off 
the receiver for an instant. 

The first remedy for this type of trouble 
is to move the loudspeaker as far from the 
receiver as possible. If this does no good, 
about the only alternative is to mount the tube 
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sockets on sponge rubber or replace the socs- 
ets with the vibrationless type. Often it will 
be sufhicient to do this with the detector tube 
only. It 1s also well to try shifting tubes 
around as some tubes are more “microphonic” 
than others. Especially in super-heterodyne 
and other receivers using five or more tubes, 
a single tube may cause all the trouble. When 
it is located and replaced the trouble disap- 
pears. 

A less frequent cause of the continuous 
whistle results from running the antenna lead 
close to, and parallel with, the receiver. It is 
always advisable to bring the antenna to the 
receiver from the rear and at a right angle 
to the back of the receiver. Also run the lead 
to the loudspeaker directly away from the re- 
ceiver, and from the body of the operator. In 
some cases a pronounced whistle is obtained 
when the operator touches the loudspeaker 
cord or places his hand near it, especially 
while his other hand is on the dials in the 
act of tuning the receiver. 

In addition to the type of whistle men- 
tioned here, there are, of course, the whistles 
frequently encountered in regenerative receiv- 
ers and in radio frequency amplifiers. These 
are of a different sort entirely and can be dis- 
tinguished by the fact that they vary with 
variations of the tuning controls of the re- 
ceiver. 


Antenna Coupling for Short-wave 
Receivers 


One of the problems in short-wave reception 
is to obtain proper coupling between the an- 
tenna and tube circuits. 

To obtain the maximum results and to avoid 
so-called “dead spots,” which are caused by the 
antenna circuit or one of its harmonics being 
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THE STANDARD THREE-CIRCUIT TUNER 


Ficure 5: 


This ts another circuit which ts uscd extensively in short-wave reception. 


Frequently the type of tuning unit used in this circuit docs not permit variation of 
the number of turns in the antenna coil and in that case a series antenna condenser 
may be used to decided advantage in the reduction of “dead spots.” 


in resonance with the tuned, tube circuit, it is 
necessary tc provide: 

(1) Variable coupling between the antenna 
coil and the grid coil; 

(2) Variable control of regeneration, and, 

(3) Some means of partially tuning the an- 
tenna circuit. 

Practically all short-wave receivers today 
make use of either the Hartley circuit (Figure 
4), the modified Reinartz (which is practically 
the same as the Hartley), or the standard 
three-circuit hook-up using primary, secondary 
and tickler (Figure 5). This article, therefore, 
refers particularly to these circuits. 

If an untuned antenna circuit is used with a 
receiver designed to cover the short-wave bands 
from 30 to 120 meters and providing controls 
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DIRECT ANTENNA COUPLING 


Ficure 6: Some dearee of success has been 
met with in coupling the antenna directly to the 
closed circuit through a series antenna condenser 
as shown here. This method may be used with 
cither of the hook-ups shown in Figures 4 and 
S, thus eliminating the necessity for antenna 
coils, Coupling ts varied by means of the 
antenna series condenser. 


for (1) and (2) above, it will be found that at 
certain wavelengths it is impossible to make the 
receiver oscillate unless the coupling between 
the antenna and closed circuit coils is loosened 
to such an extent as to make signals extremely 
weak. This condition results from the condi- 
tion of broad resonance of the antenna circuit 
with the closed circuit and absorbs enough 
energy from the closed circuit to stop oscilla- 
tion. If the coupling between antenna and 
closed-circuit coils is loosened sufficiently, the 
antenna circuit absorbs less energy and there- 
fore does not $0 readily stop oscillation. This 
loose coupling decreases the signal strength, 
however, due to the smaller energy transfer 
from the antenna circuit to the closed circuit. 

Now, with the coupling fairly close, oscilla- 
tion would not stop if the antenna circuit could 
be tuned sufficiently to shift its wavelength 
either up or down so that it, or its harmonics, 
would no longer be in resonance with the closed 
circuit. 

This broad tuning of the antenna circuit may 
be accomplished in a variety of ways. The 
most satisfactory plan, in the case of the Hart- 
ley type of circuit, is to provide two or more 
different coils for the antenna circuit. 

If it is desired to tune the circuit to a certain 
wavelength but it is found that even with fairly 
loose counling the receiver will not oscillate 
satisfactorily at that wavelength, an antenna 
coil with a different number of turns is substi- 
tuted, thus shifting the wavelength of the an- 
tenna circuit to a point where it no longer in- 
terferes with the functioning of the tube circuit. 

In the Hartley tyne of receiver, a sine’ 
closed-circuit coil will not. of course, cover the 
entire 30 to 120 meter band. Because of the 
extremelv sharp tuning at low waveleneths it 
is advisable to use a low capacitv tuning cor- 
denser and this naturallv limits the range of 
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cach closed-circuit coil so that three or perhaps 
four coils are needed to cover this entire band. 
Using a three plate condenser (maximum 
capacity .000045) across the grid portion ot the 
closed-circuit coil, four coils are needed. The 
range of the smallest coil may be approximately 
from 30 to 45 meters, the next one from 45 to 
65, the next 60 to 90 and the largest 80 to 120. 
Three antenna coils of 5, 13 and 21 turns re- 
spectively, will probably serve to tune the an- 
tenna. This, however, will depend a good deal 
upon the proportions of the antenna that 1s 
used. Antennas of all lengths seem to work 
out about equally well for short-wave reception 
—a single wire anywhere from 25 to 150 feet 
will be satisfactory. 

Another method of tuning the antenna is by 
means of a very small variable condenser in 
series with the antenna as shown by the broken 
lines in Figures 4 and 5. 

Usually, by this means, it is possible to reduce 
the number of antenna coils needed to two or 
even one. In the case of three-circuit tuners, 
in which no provision is made for changing 
antenna coils, the use of an antenna, series con- 
denser will be found especially useful. 

A third method which has met with some 
success is tnat illustrated in Figure 6. 

By the use of this method, the antenna coil is 
eliminated entirely and the antenna is connected 
directly to the grid end of the closed-circuit 
coil, through the antenna series condenser. This 
method controls the amount of coupling be- 
tween antenna and closed circuit by means of a 
variable condenser. 

The maximum capacity of series antenna 
condensers used for this short-wave work will 
depend to some extent on the size of the an- 
tenna used. The best plan in any particular 
installation is to try out different condensers 
until the best one is found. A three or five- 
plate variable condenser will in some cases work 
out quite satisfactorily, while in other cases a 
simple homemade device as illustrated in Figure 
7 will serve the purpose, especially if the receiv~ 
ing antenna is large. 

Every owner of a short-wave receiver should 
experiment a little with various antennas, an- 
tenna coils, series antenna condensers, and 
various degrees of coupling. Many of these re- 
ceivers in operation at the present time are not 
giving anywhere near the results of which they 
are capable, simply because the coupling ar- 
rangement used is not suitable. A receiving 
range of 10,000 miles is not too much to expect 
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A SIMPLE HOME-MADE ANTENNA 
SERIES CONDENSER 


Figure 7: In some cases a regular .0001 or 

00025 mfd. variable condenser will serve as 

the series antenna condenser for use in short 

wave reception. As a rule, however, it is neces- 

sary to use extremely low valucs of capacity for 

this purpose. The simple condenser shown here 
serves the purpose well. 


of any efficient short-wave receiver in reception 
of amateur code signals. In short-wave broad- 
cast reception the range is bound to be some- 
what less. However many South American 
listeners are enjoying the programs broadcast 
nightly from KDKA at Pittsburgh, on a wave- 
length around 60 meters, at distances of 3000 
miles and more. 
—S. Gorpon TAYLOR 


A Receiver That Will Operate on 50 to 550 Meters 


_ In the March issue of PoruLar Rapto will appear an article containing complete 
information on the constructional details for building a new receiver that will operate 


over a band of wavelength from 50 to 550 meters. 


This description will be of interest 


alike to the seasoned amateur and experimenter as well as the inexperienced novice 
It is probably the first tuned-radio-frequency receiver that has as vet been described 
for operating over such a wide wavelength band. One exclusive feature of the new 
receiver is that the wiring is prepared in advance for the experimenter so that all he 


has to do is to hitch it on to the set. 


It is the result of collaboration on the part of 


two engineers—Mc Murdo Silver and Laurence M. Cockaday and it will be known as 


the S-C Receiver. 


Tus department ts conducted by PopuctarR Rapio Laporatory for the purpose of keeping the 
radio experimenter and the broadcast listener informed concerning the newest inventions and the 


approved developments in radio equipment. 


Only such apparatus as has been tested and 


endorsed by the Laboratory ts noted in these columns. 


A Tube for Greater Volume 
A NEW POWER TUBE 


Name of instrument: UX-210 vacuum tube. 

Description: This new tube which contains a 
husky thoriated filament is especially 
manufactured for use in the last stage of 
audio-frequency amplification where great 
volume is desired. It is also a reliable 
oscillator for laboratory work. It may 
be operated directly from a 6-volt stor- 
age battery on the filament without rheo- 
stat with 157 volts on the plate. With 
7'4-volts filament potential across the 
terminals of the tube, it may be used 
with plate batteries as high as 425 volts 
with a 35-volt “C” battery. At this vol- 
tage it has an output resistance of 5000 
ohms, conductance of 1550 micro- 
mhos and a voltage amplification factor 
of 7.75. It is equipped with the large 
standard UX base. 

Usage: In connection with radio receiving 
apparatus for use as a power tube. 
Outstanding features: Rugged construction. 

Reliable operation. Powerful. 
(Further details furnished on request) 


A TWIN ELEMENT VARIABLE CONDENSER 
Name of instrument: Dual variable condenser. 
Description: A really well made tuning unit 
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comprising two sets of stator and rotor 
plates with two variable vernier units for 
adjusting them to the same capacity. One 
of the vernier controls is adjusted from 
the front panel of the set on which 
the set is mounted. The end plates are 
constructed of die cast aluminum cut 
away as shown in the photograph. The 
insulation is accomplished by means of 
two clear bakelite strips upon which the 
stator elements are mounted. The bear- 
- ing, which is large, is fitted with a novel 
tension .adjustment, which, although it 
varies the tension on the shaft, does not 
vary the spacing between the plates and 
between the rotor and stator sections. 

Usage: In any radio-frequency circuit for 
tuning. 

Outstanding features: Dual operation with sin- 
gle shaft. Rugged construction. Easy 
to balance. Neat appearance. Equipped 
with a shield between the stator elements. 

(Further details furnished on request) 


A Dual Unit With Vernters 


WHAT’S NEW IN RADIO APPARATUS 
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Apparatus Approved by Popular Radio 


This list of apparatus approved by the Popvrar Rapio LABORA- 
ToRY will be continued as a part of the WHAT’S NEW IN 
RADIO APPARATUS department until all instruments, parts 


and complete sets have been included. 


The listing is alpha- 


betical by manutacturer’s name and the installment in this issue 
includes only the letters A and B. 


AERIALS 


Stranded enameled antenna; Acme Wire Co. 
“Ribbon” copper aerial; Acorn Radio Mfg. Co. 
Enameled ribbon aerial; Acorn Radio Mfg. Co. 
Hollow radio aertal; American Display Co. 
Antennaphone; Antennophone Co. 
Flat copper antenna ribbon; Baltimore Brass Co. 
Reldenamel aerial wire; Belden Mfg. Co. 
“Storm King” complete aerial outfit; L. S. Brach 
Mfg. Co. 


AUDIO- FREQUENCY TRANSFORMERS 


“Acme” audio-frequency transformer; Acme Ap- 
paratus Co. 

Algo audio-frequency amplifying transformer; Al- 
gonquin Electric Mfg. Co. 


Rauland-Lyric audio-frequency transformer; All- 
American Radio Corp. 
All-American audio-frequency amplifying trans- 


former; All-American Radio Corp. 

Audio-frequency transformers; American Specialty 
.O, 

Amertran DeLuxe transformer; American Trans- 
former Co. 

“Fada” audio-frequency transformer; F. A. D. 
Andrea. Inc. 

“King Cole” audio-frequency transformer; Any- 
lite Electric Co. 

Brandes auidio-frequency 
Products Corp. 


Branston audio-frequency transformer; Chas. A. 
Branston, Inc. 


BATTERIES 
“Arrow” storage batteries; Arrow Battery Co. 


transformer; Brandes 


Radio “B” Batteries at “factory prices’; Ayres 
Battery Corp. aa 
Burgess “A,” “B” and “C” batteries; Burgess 


Battery Co. 
BATTERY CHARGERS AND RECTIFIERS 


“Acme” battery charger; Acme Electric & Mfg. 
Co. 

Silent battery charger; Acme Engincering Co. 

4 a and “B” battery chargers; Apco 


BATTERY ELIMINATORS 


“Acme” “B” eliminator; Acme Apparatus Co. 
**Apco” rectodyne; Apco Mfg. Co. 


BINDING POSTS 


Ajax binding posts; Ajax Electric Specialty Co. 
Bel-Tone mounted binding posts; Bel-Tone Radio 
Co. 


CRYSTAL DETECTORS 


Syn-tec radio crystal; Appliance Radio Co. 
“Airader’ detector; Bernard's Radio Co. 
“B Metal” crystal; B-Metal Retning Co. 


DIALS 


Na-ald dials; Alden Mfg. Co. 

Bradleynier; Allen-Brauley Co. 

Radion knobs and dituls; American Hard Rubber 
Co. 

Split-Em vernier instrument control; American 
Instrument Works. 

Regal knobs and dials; American Specialty Co. 

Amsco dials; Amsco Products, Inc. 

Apex vernier dial: Apex Electric Mfg. Co. 

Bell dial; Bell Mfg. Co. p 


FIXED CONDENSERS 


Mica fixed condenser; Aerovox Wireless Corp. 
Aecrovox bypass condenser; Aerovox Wireless Corp. 


GRID -LEAKS AND RESISTANCES 


Tubular grid-leak; -Aerovox Wireless Corp. 
Bradlevleak; Allen-Bradley Co. 
Bradleyvohm; Allen-Bradley Co. 
Bradleyunit; Allen-Bradley Co. 
Clarostat; American Mechanical Labs. 
Anne Lavite resistance; Amplex 
abs. 
Amplex grid-leak; Amplex Instrument Labs. 
Arbee grid-leaks and resistances; Arbee Mfg. Co. 
Grid-leak; A. C. Brady Co. 
Volt-X variable grid-leak; Burton & Rogers Mfg. 


Instrument 


Co. 
vam grid-leak mounting; Burton & Rogers Mfg. 
Q. 


HEADPHONES 


Bel-Canto headset; Bel-Canto Radio & Tel. 
Equipment Co., Ine. 

Berstan headset; Berstan Radio Products. 

Navy type headset; Brandes Products Corp. 

Superior headset; Brandes Products Corp. 


JACKS 


Radio jack; Adams Radio Mfg. Co. 

Amplex jack; Amplex Instrument Labs. 

Tri-jack; Brooklyn Metal Stamping Co. 

“B. M. S.” jack; Brooklyn Metal Stamping Co. 


KITS 


A-C Dayton XL-5 Knocked Down Set; 
Electrical Mfg. Co. 

Acmeflex kit; Acme Apparatus Co. 

All-Amax Senior kit; All-American Radio Corp. 

“Cockaday’ and “Tobias” kits; Amplex Instru- 

` ment Labs. 

Neutrodyne, Superheterodyne and Tobias kits, 
Amplex Instrument Labs. 

Melco Supreme kits; Amsco Products, Inc. 

“Fada” neutrodyne kit; F. A. D. Andrea, Inc. 

Superheterodyne kit; Apex Electric Mfg. Co. 

“Pacific Rainbow” Super-Het kit; Baldwin Pa- 
cific & Co. 

Bel -Tone Superdyne kit; Bel-Tone Radio Co. 

Dyne-O-Might kit; Birch-Field Radio Corp. 

Superhetercdyvne kit; J. T. Boone Radio Corp. 

Superheterodyne kit; Charles A. Branston, Ine. 

B-T R.F. Circuit; Bremer-Tully Mfg. Co. 


LOOPS 


Aalco folding loop; Aalco Radio Laboratories, Inc. 
Amplifexr loop; Amplifex Radio Corp. 
Berling loop; Berling Magneto Co. | 
Basket-weave folding loop aerial; Bodine Electric 
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o. 
Super-folding loop aerials; J. T. Boone Radio Corp. 
LOUDSPEAKERS 


Royal radio speaker; Adler Mfg. Co. 

Junior Ambotone; American Bosch Magneto Corp. 
Ambotone reproducer; American Bosch Magneto 

Corp. 

Burns loudspeaker; American Electric Co. 
Amplion loudspeaker; Amplion Corp. of America 
Bell-type speaker; Apex Electric Mfg. Co. 
Armstrong speaker; Armstrong Speaker Co. 
Atwater Kent loudspeaker; Atwater Kent Mfg. 


Co. 
Bel-Canto loudspeaker; Bel-Canto Radio & Tel. 
Equip. Co. 
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A VARIABLE RATIO VERNIER DIAL 


Name of instrument: SLF converter tuning Converts old sets to the new style of 


dial. tuning. 360 degree operation. 
(Further details furnished on request) 


Description: This dial is designed to operate 
with an ordinary straight-line-capacity 
condenser for obtaining straight-line-fre- 
quency tuning. It accomplishes the same 
results as using a straight-line-frequency 
condenser with an ordinary dial. The 
condenser shaft itself is fastened to a 
lever which operates in a spiral cam slot 
which is mounted on the dial bearing. 
Throughout the first lower settings of the 
dial, the condenser revolves much slower 
than the dial itself, but this ratio of 
movement of the condenser and the dial 
increases until at the upper settings of 
the dial, the condenser 1s moving at an 
increased rate. The rate of change of 
capacity with dial setting is of course 
correct for producing straight-line-fre- 
quency tuning when used in connection 
with the proper coil and condenser that 
will cover the wavelength band that it 
is desired to operate over. 

Usage: In any radio-frequency circuit for 
controlling the tuning apparatus. 


Outstanding features: Efficiency. Straight-line- 
frequency tuning. Smooth operation. ee SLI F Tuning 
Bel-Canto cabinet speaker; Bel-Canto Radio & PHONE PLUGS 


Tel. Equip. Co. 
Semit-console cabinet (combination horn and cabi- 
net); Blandin Phonograph Co., Inc. 
“Sonochorde” loudspeaker; Bondette Mfg. Co. 


Ajax multi-phone plug and connector; Ajax’ Elec- 
tric Specialty Co. 

Multiple phone plug; Barkelew Electric Mfg. Co. 

Brandes speaker, type H: Brandes Products Corp. Series phone plug ‘and post; Barkelew Electric 

Brandes cone-tvpe loudspeaker; Brandes Products Mfg. Co. 

Corp. Serics phone plug 
Brandes cabinet speaker: Brandes Products Corp. 
Orchestrion De Luxe; F. Bremerman & Sons 
Bristol Audiophone loudspeaker; Bristol Co. 


or binding post mounting: 
Barkelew Electric Mfg. Co. 


PHONOGRAPH ATTACHMENTS 


MISCELLANEOUS ACCESSORIES Burns aor loudspeaker unit; American Elec- 
tric Co. 
“Spaghetti”; Acme Wire Co. Amplion phonograph unit; Amplion Corp. of 
‘as lead- “in; ai Radic te Co. l America 
“Little Jiant” circuit brea er; Bruno H. Ahlers A ‘ 
Na-ald sponge rubber cushion; aer Mfg. Co. POTENTIOMETERS 


Standard tube base; Alden Mfg. 

ar oo radio soldering paste; L. B. Allen 

Alpha “Special” Alpha Radio Supply 
Co., Inc. 

Insulated, square and round bus bar wire; Alpha 
Radio Supply Co., Ine. 

Bosch Nobattery; American Bosch Magmeto Corp. 

Radion loudspeaker horn; American Hard Rubber 


Hard 


spaghetti; 


o. 

Radion loudspeakerphone cap; American 
Rubber Co. 

Coil mount; American Radio & Supply Co. 

Spaghetts tubing; American Radio & Supply Co. 

“Nifty” lead-in; Amoroso Mfg. Co. 

“Nifty” ground clamp; Amoroso Mfg. Co. 

Apoilo nickel zinc; Apollo Metal Works 

Adaunit; Auto Indicator Co. 

Porcelain pedestal; Barkelew Electric Mfg. Co. 

Ear cushion for phones; Bates & Co. 

Belden battery cords, headset cords, tips and ter- 
minals; Belden Mfg. Co. 

B-H radio tubing; Bentley-Ilarris Mfg. Co. 

Blackburn ground clamp; Blackburn Specialty Co. 

Bearings for radio tuning coils; Edward Board 


PANELS 


Radion panels; American Hard Rubber Ca 
Condensite products; Bakelite Corp. 
Bakelite products; Bakelite Corp. 
Redmanol products: Bakelite Corp. 


Bradleyometer; Allen-Bradley Co. 

Regal potentiometer; American Specialty Co. 
.{iisco potentiometer; Amsco Products, Inc. 
dmsco “Dubluundr” potentiometer-rheostat; 


Amsco Products, Inc. 
“Fada” potentiometer; F. A. D. Andrea, Inc. 


POWER AMPLIFIERS 
One stage power amplifier; Bristol Co. 
RADIO CABINETS 


Radio cabinet; A. Hall Berry 
p radio cabinet; Blandin Phonograph Co., 
ne. 


K.ADIO-FREQUECNY TRANSFORMERS 


“Acme” radio-frequency transformer; Acme Ap 
paratus Co. 

“Acme” “D” unit (tuned radio-frequency trans: 
former with condenser); Acme Apparatus Co. 

Kadio-frequency transformer; Aero Products, Inc. 

All-American radio-frequency transformer; All- 
American Radio Corp. 

Amsco radio-frequency transformer; 
ucts, Ine. 

Radio-f requency tuned 
Electric Mfg. Co. 
Branston radio-frequency 

Branston, Ince. 


Amsco Prod- 
transformer; Benjamin 


transformer: Chas. A. 
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“Tri-Coil” radio-frequency transformer; Brooklyn 
Metal Stamping Co. 


RECEIVING SETS 


A-C Dayton XL-10 receiver; A.-C Electrical Mfg. 
Co. 

A-C Dayton receiver; A-C Electrical Mfg. Co. 

“Paragon” receivers; Adams-Morgan Co. 

Adler-Royal neutrodyne; Adler Mfg. Co. 

Toroayne receiver; Ainsworth Radio Co. 

Air-Way receivers; Air-Way Electric Appliance 
Corp. 

Ajax crystal receiving set; Ajax Electric Special- 
ty Co. 

All-American receiver; All-American Radio Corp. 

Amber Marv-O-Dyne S-tube set; Amber Sales Corp. 

Bosch receiver; American Bosch Magneto Corp. 

Electrola receiver; American Specialty Co. 

Ampler DXS receiver; Amplex Instrument Labs. 

Melco Supreme receiver; Amsco Products, Ine. 

Deresnadyne broadcast receiver; Andrews Radio 
Corp. 

King Cole receiver; Anylite Electric Co. 

Apex Super 5 receiver; Apex Electric Mfg. Co. 

Microdyne receiver; Apex Electric Mig. Co. 

eltwater Kent radio-frequency receiver; Atwater 
Kent Mfg. Co. 

Standard “B” pocket radia; Auto Indicator Co. 

Aragain radio receiver; Autometal Corp. 

Baby Grand crystal receiver; Beaver Machine & 
Tool Co., Ince. 

Po iane Master Reflex receiver; Biltmore Radio 
.0. 

Dyne-O-Might receiver: Birch-Field Radio Corp. 

Blair No, 11 receiver; Blair Radio Laboratories 

Brandola receiver; J. F. Brandeis Corp. 


RHEOSTATS 


“Acme” rheostat and potentiometer; Acme Ap- 
paratus Co. 

Bradleystat; Allen-Bradley Co. 

Regal rheostat; American Specialty Co. 

Amplex rheostat; Amplex Instrument Labs. 

Amsco rheostat; Amsco Products, Inc. 

Amsco double rheostat; Amsco Products, Inc. 

Amsco “Dublwundr’ rheostat-potentiometer: Ams- 
co Products, Inc. 

“Fada” rheostat; F. A. D. Andrea, Ine. 

Brach-stat; L. S. Brach Mfg. Co. 


SOCKETS AND ADAPTERS 


Na-ald sockets and adapters; Alden Mfg. Co. 

All--imertcat radio tube socket; All-American 
Radio Corp. 

Radion socket; American Hard Rubber Co. 

Amplex socket; Amplex Instrument Labs. 

Amsco socket; Amsco Products, Inc. 

Baldwin-Pacific Super Lo Wave adapter; Baldwin- 
Pacific & Co. 

Belden socket; Belden Mfg. Co. 

Bell socket; Bell Mfg. Co. 

Cle-ra-tone socket; Benjamin Electric Mfg. Co. 

Seven and eight socket shelves; Benjamin Electric 
Mfg. Co. 

V. T. Sockets; Bennington Radio & Electric Mfg. 
Co., Inc. 

Flewelling socket; Buell Mfg. Co. 


SWITCHES 


Fil-fone control switch; A.C Electrical Mfg. Co. 

Bradlexswitch; Allen-Bradley Co. 

Regal switches; American Specialty Co. 

Amsco switches; Amsco Products, Ine. 

“Kant-Blo” signals; Apex Radio Co. 

Combined switch and arrester; Barkelew Electric 
Mfg. Co. 

ponte Selector switch; Barkelew Electric Mfg. 
o. 

Battery switch; Penjamin Electric Mfg. Co. 

Single and double inductance switches; Bruno 
Radio Corp. 


TESTING INSTRUMENTS 


Perfection hydrometer: Bemco Mfg. Co. 
Hoyt tube tester; Burton & Rogers Mfg. Co. 
Voltmeters; Burton & Rogers Mfg. Co, 


TUBES 


“Sea Gull” amplificr and detector tube “E”; Aber- 
deen Specialty Co., Inc. 

gee ae rectifier tubes; Aberdeen Specialty 
o., Ine. 

Raytheon tube; American Appliance Co. 

Blucbtrd tube; Bluebird Tube Co. 

Vacuum tube; Brendonne Corp. 

“True Bite’ vacuum tube; Brightson Labora- 
tories, Inc. 


TUNING INDUCTANCE UNITS 


“Copp” vario clector; A-C Electrical Mfg. Co. 
A-C Dayton complete units; A-C Electrical Mfg. 
C 


`o. 

4-P coils; Acme Products Co. 

Aero coil tuning inductances; Aero Products, Inc. 

Ail-mertcan toroid coils; All-American Radio 
Co: p. ` 

All-American radio-frequency coupler; All-Ameri- 
can Radio Corp. 

Amsco horeyco.nb coils: Amsco Products, Inc. 

Amsco variometer; Amsco Products, Inc. 

Honeycomb cotis; Atwood Electric Co. 

Bel-Tone vartocoupler; Bel-Tone Radio Co. 

B & P micrometer-type low-loss tuner; Barrett 
& Paden 

Bel-Tone variometer; Bel-Tone Radio Co. 

Bel-Tone filter tuner; Bel-Tone Radio Co. 

Bel-Tone Major tuner; Bel-Tone Radio Co. 

een oscillator coupler; Chas. A. Branston 
ne. 

sd ea honeycomb coil; Chas. A. Branston, 
ne. 

Branston three-cotl mounting; Chas. A. Branston, 
nc. 

Heterns coil; Chas. A. Branston, Inc. 

Bruno “77” low-loss tuning coil; Bruno Radio 
Corp. 

Bruno low-loss tuned radio-frequency coil; Bruno 
Radio Corp. 

Bruno short-wave tuning coil; Bruno Radio Corp. 

Flewelling tuncr; Buell Mfg. Co. 


TOOLS AND EQUIPMENT 


Jack wrench; Adams Radio Mfg. Co. 

Condenser plate cleaner; Atwood Electric Co. 

“Solderette” electric soldering iron; Bechler Steel 
Products Co. 

Junior bench saw; W. B. & J. C. Boice. 

B-T low-loss tuner; Bremer-Tully Mfg. Co. 

Bruno engraving set; Bruno Radio Corp. 


VARIABLE CONDENSERS 


“Acme” variable condenser; Acme Apparatus Co. 

Bradleydenser; Allen-Bradley Co. 

Worm-drive vernier conuenser; American’ Brand 
Corp. 

Kelford variable condenser; American Specialty 
Co. 

Amples grid-censer; Amplex Instrument Labs. 

A:nsco low-loss variable condenser; Amsco Prod- 
ucts, Inc. 

Amsco straight-line-frequency condenser; Amsco 
Products, Inc. 

“Fada” variable condenser; F. A. D. Andrea, Inc. 

Variable condenser; Barrett & Paden. 

Variable air concenser; Beacon Radio Mfg. Co. 

Low-loss condenser; Benjamin Electric Mfg. Co. 

Turn-it adjustable condenser; Chas. E. Bonine 

Super variable condenser; J. T. Boone Radio Corp. 

B-T Lifetime condenser; Bremer-Tully Mfg. Co. 

B-T tandem condenser; Bremer-Tully Mfg. Co. 

3 in 1 variable condenser; Bruno Radio Corp. 

Flewelling condenser; Buell Mig. Co. 


WIRE 


“Celatsite”; Acme Wire Co. 

Battery cable; Neme Wire Co. 

Alpha square, round and insulated bus bar wire; 
Alpha Radio Supply Co., Ine. 

Gostico; American Luminous Products Co. 

Belden loop wire; Delden Mfg. Co. 

Belden Litz wire: Belden Mfg. Co. 

Belden hook-up and magnet wire; Belden Mfg. Ca. 


WITH THE INVENTORS 


CONDUCTED BY WILLIAM G. H. FINcH 


Tuis department will keep you in touch with the latest inventions of interest on 
which patent rights have been granted, and which are significant contributions to 
radto art. 


Tuning in the Stations by Name 


THERE is an idea for a station indicator that 
greatly simplifies tuning in patent No. 1,555,743, 
which was issued to E. G. Ballenger of Atlanta, 
Ga. 

An object of the invention is to provide a 
simple attachment which can be easily applied 
to any panel-board and connected to the shaft 
of a tuning element. Then as a portion of the 
indicator is moved, space for the names of the 
broadcasting stations will successively appear 
through a slot in the panel. 

The invention comprises a casing which is 
somewhat like a radio tuning dial in appearance. 
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Within this casing is placed a movable strip on 
which may be listed the names of the various 
broadcasting stations. 

This strip is connected by suitable gearing to 
the shaft of a tuning element forming part of 
the radio set so that as the dial is moved, and 
the set is tuned to various stations the strip 
moves, bringing into view in the slot the names 
of these stations. Therefore, if a person wants 
station WEAF of New York he does not have 
to remember the wavelength; he need but tum 
dial or dials until the name or call letters of this 
particular station appear through the slot. 

One form of the station indicator is shown in 
Figure 1. 


304 wif- `òPun. 
DIO nE ATI 


THE BALLENGER STATION INDICATOR 


FIGURE 1: 


This drawing shows the details of the invention; on the moving strip is showr 


how the stations are listed, and also the simple system of gears. 
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A SYSTEM OF CONTINUOUS WAVE RECEPTION 
This diagram illustrates a receiving system in which two differently tuned re- 


FIGURE 2: 


ceiving circutls are balanced against each other. 


A beat note, which is substantially the 


same in both circuits, is produced by means of a local oscillator and undesired frequencies are 
balanced out while retaining the desired signals. 


A Novel Scheme for 
“Eliminating Static” 

Le Roy E. HUMPHRIES, of Atlanta, Ga., was 
recently granted Letters Patent No. 1,549,310, 
“on a radio receiver and static elimination 
system.” 

This invention relates broadly to radio com- 
munication, but more particularly to a radio 
receiving system used for the reception of high 
frequency current signals wherever they are 
subject to interference from ‘‘static” or strays 
of an untuned or aperiodic character. These 
strays excite the receiving system by shock ex- 
citation or by induction, leaving it free to oscil- 
late at its own natural period or to the inter- 
ference that is offered by local transmitters in 
proximity to the receiving station. 

A system is provided for the reception of 
signals so that the detrimental or interfering 
effect of the static or stray currents is minimized 
or eliminated, thus providing a more reliable 
and efficient system for reception. 

Another object of the invention is to provide 
a circuit arrangement for a receiving station so 
as to make possible the simultaneous trans- 
m‘sson and reception of signals. To this end 


the transmitter 1s located in close proximity to 
the receiving station, but produces no interfer- 
ence with the functioning of the receiving ap- 
paratus. 

There is also a receiving circuit arrangement 
that has a pair of differently tuned energy collect- 
ing circuits that are connected to differentially 
coupled circuits which are tuned to substantially 
the same frequency. A separate circuit is 
cumulatively coupled with the resultant field 
of the differentially coupled circuits and con- 
nected to an independent radio receiving appa- 


ratus which, by virtue of the differential opera- 


tion of the associated circuits, will respond to a 
selected incoming frequency to the exclusion 
of strays or undesired frequencies. 

Another object of the invention is to provide 
a receiving system that is particularly adapted 
to continuous wave reception. A pair of dif- 


ferently tuned receiving circuits are balanced 


against each other and a local source of oscilla- 
tions is supplied to each circuit through a link 
circuit that has branches coupled one to each of 
the receiving circuits and each tuned to a 
frequency equal to the frequency of the opposite 
receiving circuit. In this way a resultant beat 
note of stibstuntrall the same frecuency in 
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each receiving circuit is produced and undesired 
frequencies and stravs are balanced out while 
retaining the desired signal. (See Figures -2 
and 3.) 


A Telephone Receiver as a 
Loudspeaker 


Henry G. Sate of Chicago has been granted 
patent No. 1,552,959 covering a telephone re- 
ceiver in which the armatures of the polarized 
electromagnets are connected with the receiver 
diaphragm by means of a link which serves to 
transmit the vibrations. This instrument, which 
may be used as a loudspeaker, is shown in cross 
section in Figure 4. 


The diaphragm of this receiver may be made . 


of any suitable resilient sheet material such as 
mica, bakelite or a suitable metal, and is ten- 
sioned to resist deflection from its normal plane 
in either direction. A link connects the dia- 
phragm with the receiver armature in such a way 
us to maintain a fixed distance between them. 
In this way the diaphragm may position the 
armature centrally between the magnet poles 
and resist the movement of the armature from 
its central position. 

The employment of a resilient coupling be- 
tween the link and diaphragm prevents grating 
noises and preserves, unimpaired, the mechanical 
union between these parts. 
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A Simple Crystal Detector Mount 


PATENT No. 1,554,640, covering a simple 
method for mounting erystals for radio detection 
purposes was issued recently to Volney T. Miller 
of Kansas City, Mo. 

This 1s a combination of a crystal detector 
clement with a mutual mounting. The mount- 
ing has a series of parallel grooves or corrugations 
across its face, while the apex of a part of these 
grooves has ends overlapping the edge of the 
crystal. 

Figure 5 shows the device in perspective; the 
grooving may be plainly seen.. 


A Variable Mercury Condenser 


A RECENT patent, No. 1,553,766, issued to 
Charles A. Friedrich of Brooklyn, New York, 
covers a variable mercury condenser, illustrated 
in Figure 6. 

Mercury-controlled devices have nearly always 
been found unsatisfactory for radio work in the 
past, because they have not given accurate 
enough adjustments; therefore most of them 
were abandoned in the laboratory. 

One fault in mercury-controlled devices has 
Deen the imperfections in construction and in the 
maternal used for the mercury containers. It 
has been found that the container, in order to 
permit the use of mercury as a controlling ele- 
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A VARIATION OF THE HUMPHRIES SYSTEM 


FIGURE 3: 


Another form of the system for continuous wave reception in which each of the 


receivers operates with self-excited oscillations for beat reception. 
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THE SALL TELEPHONE RECEIVER 


FIGURE 4: 


This shows a cross section of the construction of this new receiver in which the 


armatures of the polarized e.ectromagnets are connected with the diaphragm indirectly by 
means of a link. A resilient coupling is employed between the link and the dtaphgram to 
prevent grating noises and insure good mechanical connection. 


ment, must be so constructed that the surface 
tension will always cause the mercury to move 
as a continuous mass. In other words, the co- 
hesion of the molecules of mercury must be 
increased to resist the attraction or adhesion of 
the walls of the container, which tends to break 
up the mercury mass. 

_ This end is accomplished in Mr. Friedrich's 
invention by using a circular container of which 
one or both face walls are spherically curved or 
convexed; in this way the mercury mass that 
flls only a part of the container diminishes in 
thickness from the center toward the periphery 
of the container. By reason of the greater 
weight at its wider or thicker part, the surface 
tension of the mercury is considerably increased 
and the molecules at the narrower parts resist 


A SIMPLE MOUNTING FOR CRYSTALS 


Figure 5: A series of parallel grooves or corruga- 

hons run across the face of this mounting for 

Cetector crystals. The center grooves overlap the 
face of the crystal. 


the force of adhesion excrted by the walls of the 
chamber. 

Having overcome the difficulties in the use of 
mercury aS a controlling element, use may be 
readily made of it in the construction of grid- 
leaks, rheostats and variable condensers, greatly 
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A NEW VARIABLE MERCURY 
CONDENSER 


FIGURE 6: A cross-sectional view of the Friedrich 

condenser. The problem of increasing molecular 

cohesion by means of a strong surface tension so that 

the mercury will always move as a continuaus mass 

and not adhere to the walls of the container has 

been solved by using a circular container of which 
one face wall is spherically curved, 
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simplifying the construction of others, while at 
the same time increasing the efficiency. 

Other liquids than mercury may be adopted to 
act as the controlling element without departing 
from the principle of this invention. 


A New Anti-static Method 


A METHOD for reducing static interference in 
radio receiving by balancing signals received 
on a loop and a capacitative antenna has 
been patented (No. 1,550,137), by Roy A. 
Weagant of New York. 

Mr. Weagant has discovered that the most 
objectionable forms of static impulses seem to 
behave as though they are due to vertically 
propagated waves heterogeneously polarized. 
Knowing that signal waves are horizontally 
propagated and vertically polarized, he has de- 
vised a new method for minimizing static inter- 
ference. 

The present invention is based on discoveries 
made by Mr. Weagant before and also on certain 
additional facts he has discovered in regard to the 
properties of different types of acrials, when they 
are associated in a certain way. 

Antennas of different forms draw energy from 
the static and signal waves in different ways. 
The phase and direction of currents produced in 
them are differently affected by the polarization 
and direction of transmission of these waves. 
‘These differences, he finds, can be utihzed tu at 


least partially cancel static and retain signals 
from one-half of the horizon, 

It is well known that a vertical open antenna 
receives horizontally propagated vertically po'ar- 
ized signal waves equally well and with like 
effects, no matter from what direction they may 
arrive; itis also known that such an antenna, 
whether grounded directly or through a comter- 
poise, Will also receive statie waves. 

On the other hand, a loop antenna or a system 
of loops is differently affected by the direction ot 
arrival of signal waves, and on purely theoretical 
grounds Mr. Weagant believes it probable that it 
is also differently affected by static waves when 
their direction of polarization changcs. 

In applying these principles, the inventor also 
finds that if currents are set up in associated 
antenna which are largely indifferent to the 
polarization of vertically propagated waves, se 
far as reception of energy is concerned, and whic! 
are differently affected by the azimuthal direc- 
tion of horizontally propagated waves, he is en- 
abled to geometrically combine the effects of th 
antenna currents on a common detector circu. 
The result is that at least part of the stati 
currents, and the signals from one-half of the 
horizon are approximately neutralized, while 
currents due to signals from the other half of the 
horizon are retained and more or less effectivels 
added. Thus a most useful method and appa- 
ratus is produced for reducing both static and 
interference effects. A schematic diagram ot 
this method is shown in Figure 7. 


WEAGANT'S ANTI-STATIC METHOD ; 


FIGURE 7; A wiring diagram of a new method of reducing static disturbances by balancing 
signals received on a loop and a capacitative antenna. 


HINTS FOR 


AMATEURS 


CONDUCTED BY ALBERT G. CRAIG 


The Variable Grid-leak 


THE use of a variable grid-leak in a re- 
generative receiver will be found to be a 
decided improvement in regenerative con- 
trol over the ordinary fixed type of leak. 
It will allow the tuning in of more dis- 
tant stations as well as increased selectivity 
of the receiver. Try one in your set, if 
vou haven’t one now, and notice the dif- 
ference in results. 


Clips for the New AC Tube 


THE two heater terminals on the AC 
tube, which are placed at the top and pro- 
truding from a small bakelite connection 
block, do not offer a ready connection to 
the wires that furnish them with AC cur- 
rent. The manufacturers, however, have 
now placed on the market a small clip 
that fits on the tube connections and is 
equipped with binding post terminals for 
holding the wire. 


Replacing Crystals 

Many owners of home-made crvstal 
sets complain that their crystal receiver 
works very well for a period of three or 
four weeks and then the volume steadily 
decreases until the signals are almost in- 
audible. They ask what the trouble is. 
The crystals deteriorate with use and 
should be replaced by new ones whenever 
the signal strength dies down to a value 
below which the signal is too weak to be 
understood. This is the only upkeep 
necessary with a crystal receiver and it 


is low, for the crystals cost but a fraction 
of a dollar. 


The Piate Resistance Value for a 
Resistance-coupled Amplifier 
A RESISTANCE of 250,000 ohms in the 

plate circuit of the resistance-coupled am- 

plifier tubes will be found to be the best 
value to use for maximum amplification. 

Values higher than this will reduce the 

plate current to too low value, and values 

lower than this will cut down the ampli- 
fication per stage with the standard tubes 
now in use. 


The Tube Rejuvenator 

SoMETIMES the owner of a receiving 
set finds that the filaments of his tubes 
seem to give out. This does not mean that 
they burn out. They light up, but the 
volume obtained with them in this con- 
dition is very small. A thoriated filament 
tube may become damaged by excessive 
plate current application or by some other 
mishap. The original condition may be 
restored by using one of the tube reju- 
venators that has recently been placed on 
the market. These rejuvenators consist 
of a transformer with taps for applying 
an alternating current voltage to the fila- 
ment. The voltages that should be applied 
vary in intensity and the application of 
each voltage should be made for only a 
certain length of time. These tube reju- 
venators have been found to restore at 
least fifty percent of the tubes that have 
heretofore been considered worthless. 
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How to Test Your Batteries 


Ir you find that the quality of re- 
production in your receiver is deteri- 
orated, that is, if the reproduction be- 
gins to get ragged, look at your bat- 
teries to see that they are not exhausted. 
Measure the voltage of the “B” bat- 
teries first. They should register more 
than 16% volts for every 22'4 volt 
section. If they do not give a reading 
above this value, replace them with new 
batteries. Also, test your “A” battery 
with a hydrometer and be sure that the 
reading is above 1,150. If it is lower 
than this, charge it at once. 

After this is done, vou will notice that 
the quality will be improved greatly 
unless you have some other trouble in 
the audto-frequency amplifier. 


The Most Economical Receiver 
For local reception up to ten miles 
on the headphones, a good selective 
double-circuit crystal receiver will give 
really fine results. This type of receiver 
has practically no operating expense. 
The only expense incurred would be in 
replacing the crystals every two or 
three months. The cost of these crys- 
tals is so low as to make this expense 
negligible. 


A Hint for Cleaning the Panel 

NEVER use water for washing the 
panel or any part of a radio receiver. 
If the panel gets dirty or greasy, 
dampen a soft cloth in alcohol and rub 
it lightly over the surface to be cleaned. 
This will remove the dirt and grease, 
and upon drying it off with another 
clean cloth it will leave a beautiful 
smooth polish without in any way dam- 
aging the apparatus. The alcohol evapo- 
rates rapidly. 


When You Tighten the Panel 

WHEN screwing the panel to a radio 
set, first be sure that the holes drilled 
in the bakelite are spaced correctly, so 
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that they will gauge with the center 
portion of the wood—top, sides and 
bottom. Do not try to screw the wood 
screws directly into the wood without 
first drilling a small hole to give the 
screw a chance to start properly. Use 
a small drill of about one-half the di- 
ameter of the screw and drill the hole 
about two-thirds the depth that the 
screw should go into the wood. This 
will give you a good, secure fit and will 
prevent splitting the wood. 


How to Test Loose Connections 


Ir you have a loose connection in 
vour set that makes a jarring or rattling 
sound in the headphones or loudspeaker, 
it would be well to lift up the lid and 
investigate cach wire to find out which 
one may be loose. Use a small wooden 
rod for moving the wires while you have 
a station tuned in. By pushing the 
wires with the rod slowly ‘back and 
forth, you wul hear a loud sound when 
you move the one that is loose. Then 
you can tighten it at the binding post 
or solder it fast where it is loose. 

Never use a metal screw-driver for 
this purpose, as you may shortcircuit 
the “A” and “B” battery connections 
and blow out all your tubes. 

Never fuss around the insides of any 
radio receiver with a screw-driver when 
the batteries are connected. 


Keep Away from Power Lines 


WHEN you install your antenna wires 
be careful that they do not run over 
er under any electric wires or cables 
that may be in the vicinity. Do not 
place them near any such wires be- 
cause the wires themselves may carry 
ligh-voltage currents, and if they fell 
on your antenna they might conduct 
the high voltage currents down to your 
receiver while you were tuning in. 
This might subject you to a severe 
shock. Keep your antenna away from 
such lines and prevent accidents. 


PRACTICAL pointers from experimenters and broadcast listeners. What helpful hints can YOU offer to 
your fellow fan? Readers are invited to address their letters to the editor of this Department. 


-Conpuctep By Lioyp JACQUET 


Haw 1 eeided cedar 
Grounds : 


[ WAS surprised some time ago to see the 
rheostats in the filament circuits of my five- 
tube neutrodyne get heated up red hot. After 
investigation the trouble was traced to am “ac- 
cidental ground.” 

What had happened was that the entire out- 
put of the “A” battery had short-circuited 
through the portion of the rheostats in usc, 
and as this device is made to carry only a small 
amount of current it was badly burnt. 

The ground connection of the receiver is 
usually placed in the negative filament lead of 
the vacuum tube. The rheostat then is in the 
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negative lead and in series with the “A” hat-: 
tery. Then the negative side of the “B” bat- 
tery is connected to the positive terminal of the 
“A” battery. 

Now, if some misconnection is made, say in 
the “B” battery circuit, the “A” battery dis- 
charges through the rheostat. 

The only way to prevent this trouble is to 
obviate any possibility of an accidental ground. 
This can be done cheaply and conveniently by 
placing a large capacity fixed condenser of say 
a one microfarad capacity in serics with the 
ground lead. It will not interfere with ordinary 
reception, and will prevent any trouble of this 
sort. 

—FRANCIS PARKER 


A LARGE FIXED CONDENSER INSERTED IN THE GROUND LEAD 
This diagram shows how a condenser may be used to insulate the set from ground, 
thus preventing short-circuits in case the “B” batteries happen to become grounded or 

Se eae ws if the 4” battery is being charged. 
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HOW TO MOUNT THE VARIABLE | 
RESISTANCE 


This picture shows how the variable resistor 
may be mounted directly on the terminals of the 
transformer. 


How I Reduced Interference With 
a Variable Resistance 


INCE I am located where there is a great 
deal of interference from electrical devices 
such as motors, starters, household appliances 
and other “noise makers,” my reception has 
been marred considerably. I was told that there 
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was no remedy for this except to remove the 
source of the noise, which is impossible in this 
case. 

In an effort to reduce the trouble so that I 
might enjoy the programs I hit upon the idea ot 
shunting out the noise. 

Following out this idea I shunted a variable 
high resistance unit across the primary of th. 
last radio-frequency amplifying transformer oi 
my five-tube, tuned-radio-frequency receiver. I 
found that a resistance of from 5000 to 300) 
ohms could be used. 

The lower the resistance used, the less noise 
there will be, but the volume of reception will 
also be cut down to a considerable extent. 
However I found that with a vagiable Bradley- 
stat the right resistance value to give pleasant 
reception with a suitable volume can be readily 
obtained. . 

It is easy to fasten this resistance to th: 
transformer, and practically no alteration need 
be made to the set itself. The resistance 1s 
merely connected to the two terminals of the 
primary of the transformer. 

My theory is that the resistance passes th: 
noises, (as well as a certain amount of energy). 
and prevents them from going through the 
transformer winding and into the loudspeaker 
circuit. 

—PauL E. LAMAR 


Is Your Antenna Short Circuited? 


ANTEN NAS that are partially grounded are 
4 à often an unsuspected cause of trouble to 
radio fans. 

I was bothered for an entire month with a 
peculiar condition of reception in which signals 
went on or off without the least warning. At 
first, thinking it was a case of poor batteries. 
or defective tubes, or possibly a loose connec- 
tion in the set, I checked up on all those details 
but there was no improvement. 

Finally during a wind storm, I discovered 
that the trouble was due to the branch of a 
tree, against which my single wire antenna was 
rubbing, thus grounding itself. 

However I wanted to make sure that I had 
a defective circuit in the antenna. 

By means of a pair of telephone receivers. 
and a battery, I was quickly able to determine 
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THE CIRCUIT WITH THE RESISTOR IN PLACE 


This dtagramatic sketch shows the connections for hooking the variable resistance in 
shunt to the primary of the audio-frequency transformer for cutting down extraneous 
NOBCS. 
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HOW TO ATTACH THE BLUEPRINT TO THE PANEL 


A convenient method for drilling the holes in the correct places in the panel ts to 
paste a blueprint in correct position on the panel and spot the holes directly from the 


markings on the blueprint. 


When the drilling is done, the paper may be loosened and 


taken off the panel. 


that it was grounded. The phones were con- 
nected in series with the antenna and the bat- 
tery and ground. Each time the tip of the 
phones was touched on the battery, a loud click 
was heard. When the branch was blown away 
from the antenna wire, the click was very faint. 
By removing the aerial at a greater angle 
I was able to make it clear the tree, and do 
away with my shortcircuited aerial and poor 
reception. 
—MILTON BRANDT 


How I Avoided Mistakes by 


Drilling Panels 


|e has been my experience to spoil many good 
-A panels by carelessly laying out the drilling, 
or by making mistakes in measurement that dis- 
figured the whole set. 

In order to guard against these costly errors 
I have developed an idea which seems so ele- 
mentary and yet is so effective that I am pass- 
ing it along to other radio builders for their 
benefit. 

Most construction articles in good magazines 
include a detailed drawing of the panel layout. 
Because of the small amount of space available 
this cannot be given in full size. Get a sheet 
of drawing paper, or even thin drawing “skin,” 


and lay out the panel as shown in the magazine 
illustration, but in full size.* Check over every- 
thing carefully and then secure the piece of 
insulating material that is to make up the panel 
proper. | 

This material should be secured cut exactly 
to size. Its best surface is selected, and a light 
coat of shellac is quickly applied. On top of 
this lay the full size drawing or a blue print, 
dimensions upwards, and press down firmly with 
a board padded with a cloth or newspapers. 
Guard against the drawing sheet from slipping. 
By comparing the edges of the paper with those 
of the panel, this can be carefully watched. 

The shellac acts as an excellent glue and will 
hold the drawing on the surface tightly for the 
drilling. This should not be attempted, of 
course, before every hole is properly center- 
punched. By marking on the drawing the size 
of drills needed for the various holes, the work 
can be quickly and efficiently done. 

To remove the drawing, just moisten it and 
peel it off. The extra shellac on the panel 
surface can be quickly removed by means of a 
rag dipped in alcohol. 

In this way, you will never make a mistake 
in panel drilling. 

—Henry D. WALLER 


* Porvrar Rapnio blue prints may be used in place 
of the drawings as they are cxactly full size. 


l What little kinks have YOU discovered that are of interest and 
l value to your fellow fans? Write and tell the editor of this depart- 
ment about them—and enclose illustrations if they are needed. 
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CONDUCTED BY J. ANDREW WHITE 


IN this department the Dean of Broadcasters—iwhose voice is known to millions of broadcast 
listencrs—rccords items of interest and value to all radio fans cverywhere. 


The Warfare Between Churchmen 
and Scientists 


Tue Very Reverend William Ralph Inge, 
dean of St. Paul's, London, exploded a theo- 
logical bombshell it appears by the statement 
made in a recent sensational article in which he 
declared that Christianity and science are still 
at war. His declaration that the church must 
face the facts of science is echoed in a rc- 
newed discussion of the subject prominently 
before all Christian churches now. Dean Inge 
declares there is very serious conflict between 
Christianity and science and that churchmen 
_who declare otherwise cither are thoughtless or 
are wilfully shutting their eyes. 


Help Summoned by “Live Radio” 


THROUGH carrier current, a development of 
radio, communication was maintained with the 
outside world when a cloudburst and flood de- 
stroyed railroad, telegraph and telephone lines 
at Wenatchee, Wash. For several days the only 
messages reaching or leaving Wenatchee were 
transmitted over the high-power electric lines 
of the Puget Sound Power and Light Com- 
pany which were recently installed over the 
mountains to Seattle. The apparatus used is 
similar to a radio outfit but instead of radiating 
waves through space in all directions the voice 
currents are kept concentrated about the power 
lines, thus insuring privacy and direction for 


the communications. 
* * * 


Is Radio -Changing Our Taste in 
Music? 

Tuar Beethoven was born only four years 
ago for many of us, with our first acquisition 
of radio sets, is the interesting angle from 
which the uplift in musical taste and apprecia- 
tion is viewed hv Percv A. Scholes. widely 
known musical critic of the British Broadcast- 


ing Company, who recently left London for a 
tour of America. He looks upon the intro- 


duction of broadcasting as the greatest event in 
the history of the art of music and is unre- 
served in his congratulations to America for 
developing this activity. Less than eighteen 
months ago, he says, English ;radio enthusiasts 
were protesting that Beethoven, Bach and 
Wagner were acceptable only to “highbrows 
who like to swank about their superior tastes,” 
but these attacks have given way to admiration 
for the works of classical composers, music 
that has artistic impulse. This further predic- 
tion is added: “Give listeners plenty of fine 
music and they will learn to like it; our British 
experience is sure to be the American experi- 


ence.” 
* * * 


What the “Whistling” Form of 
Interference Really Is 


Tuat fairly constant and annoying whistle 
which receivers pick up when the dials are set 
at a certain point seems to be a source of som? 
misunderstanding among many novices. It is a 
form of interference’ set up when two high- 
powered broadcasting stations are too close to- 
gether geographically, although they may 
wide apart in wavclength or frequency. Radio 
Supervisor E. A. Beane, of the Chicago Dis- 
trict, reports tests wherein he discovered that 
two stations, one operating on 560 kilocycles 
and the other on 1,200 kilocycles, produced a 
beat note frequency of 640 kilocycles, or the 
difference between the frequencies at which the 
two oscillators were functioning. Another fre- 
quency equal to their sum is also created, under 
the well known principle of heterodyning. It 
appears, however. that the third wave, or fre- 
quency, has a field strength considerably lower 
than the originals, and is reported to be objec- 
tionable for a distance of only five miles when 
the two stations are ising 500 watts of power. 
and twenty miles when 5,000 watts power 1s 
used. Some time ago the Navy took this phe- 
nomena into consideration and decided to use 
frequencies ending in 5; any new frequency 
created by beat notes is therefore not an as- 
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signed frequency, or wavelength, and -cannot 
interfere with regular channels, since their sum 
or difference would necessarily be a frequency 
ending in O. A reassignment by the Depart- 
ment of Commerce to prevent this form of 
“beat” interference may be undertaken on this 
basis—that is, increasing all assignments by 5 
kilocycles, or reducing them that much. 
*. 


$800 in Prizes for Short 
Radio Dramas 


To stimulate the writing of plays especially 
designed for broadcasting, station WLS of 
Chicago is sponsoring a “national radio play 
contest” in cooperation with the Drama League 
of America. To be eligible for this contest 
plays must be written “as though they were to 
be produced for the blind” with every exit and 
entrance indicated and with as many explana- 
tory sounds (such as rain, automobiles and 
telephone bells) as possible, to take the place of 
a background. And they must be one-act plays 
that take from eighteen to twenty-five minutes 
to produce and with no more than five charac- 

_ters. Prizes of $500, $200 and $100 are offered 
for the three best plays submitted. 
x x 


A New List of Foreign Stations 


AVAILABLE to those who would like to have 
it is a supplementary list of foreign broadcast- 
ing stations recently issued by the Department 
of Commerce; included are six stations in Den- 
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mark, eighteen in France, fourteen in Sweden, 
eight in Switzerland, two in Jugoslavia, six in 
Argentina, four in Chile, one each in Poland, 
Peru, Hongkong, Ceylon and Morocco; sixteen 
in Japan, nineteen in Australia, two in Canary 


Islands, and two in Tunis, Tunisia. 
* * 


x 


Small Receivers for Japanese Fans 


MANUFACTURE of small radio sets was re- 
cently undertaken in Japan but none have yct 
been placed on the market. It is expected that 
this field will be entered actively before long. 
following the announcement of the merger ot 
the Nipponphone Phonograph Company, Tokyo. 
and the Tokyo Phonograph Company. 

* * * 


More Radio, More Milk 


From Strasbourg comes word that Rhineland 
dairymen have discovered that music not only 
soothes the cow, but induces her to increase her 
milk supply. It 1s asserted that in recent tests 
when a phonograph was placed within hearing 
of the placid German cow, appreciation of the 
musical accompaniment to the absorption otf 
bran mash resulted in increases of 6!4 percent 
in the quantity of milk given by bossie. It has 
not yet been determined, however, whether 
repetition of a limited repetoire of numbers 
would result in the contempt for the musical 
aid induced by familiarity, but so as to take no 
chances it is now proposed to install radio 
loudspeakers in the barns that the cows may 
have a bit more of variety in their programs. 


ee 


A TUBE THAT GOES TO WORK AT THE WAVE OF YOUR HAND 


The large tube in the portable radio set at the left is a new development of the radio 

vacuum tube that ts energised into activity by the slightest shadow that falls upon it. 

In a recent demonstration by its inventor, Mr. V. K. Zworykin, a washing machine 
was Started by waving a hand in front of the tube. 
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Transatlantic Movies by Radio 

A New machine for the almost instantaneous 
transmission of photographs or motion pictures 
by radio, known as the “radioscope,” 1s shortly 
to be subjected to transatlantic tests, according 
to an announcement from the Telefunken 
Company of Berlin. A paper surface ten cen- 
timeters square bearing either writing or a 
photograph can be transmitted in a few seconds, 
it is claimed, and ultimately transmission will 
become instantaneous. Lessened cost of opera- 
tion due to speed is the inherent difference be- 
tween the German device and previous instru- 
ments of similar type, according to the an- 
nouncements which credit the invention to Dr. 
Carolus of the University of Leipsic. Confir- 
mation of the report that the tests would be 
held with the co-operation of. the Radio Cor- 
poration of America could not be obtained 
through the New York officials of that com- 
pany, who also denied knowledge of the inven- 
tion which, it was said, had no connection with 
the several successful tests of radio picture 
transmission between New York and London. 

* ` * * 


The New “Panatrope” Instrument 
BEForE a distinguished audience in which 
New York society was represented by such 


Kadel & Herbert 
A CLOSE-UP OF THE NEW 
“SHADOW” TUBE 


The new photo-clectric cell is compared by tts 
inventor, Mr. F. K. Zworykin, with one of the 
standard 199 type. By placing an obstruction in 
the wav of the liaht rays falling upon the un- 
coated portion of the bulb at the top, tt ts possit- 
ble to operate relays which will control power. 


names as Mrs. Vincent Astor, Clarence H. 
Mackay and Otto H. Kahn and with the field 
of music represented by Leopold Auer, Frank 
Wamrosch and Henry Hadley, among others, a 
new musical instrument which utilizes the elec- 
tricgl principle for the reproduction of sound 
Was presented recently at Aeolian Hall, New 
York. Westinghouse, General Electric, Bruns- 
wick and Radio Corporation collaborated in 
the development of the instrument of which it 
was said that it was not a new or improved 
phonograph, but a milestone achievement in the 
union of electricity with music, based upon re- 
cording and reproduction by electricity. Dr. 
Alfred N. Goldsmith, speaking through the 
instrument from Washington, described the 
operation as one which superseded the mechan- 
ical method of phonograph recording. He 
explained that the singer stands in front of a 
device which is analogous to the finest broad- 
casting microphones and the electrical currents 
therein set up are amplified by vacuum tubes 
like those in a receiving set, and that the final 
output of these tubes operates a most precise 
cutting tool which makes the master record. 
The horn is absent, he said, and the energy for 
cutting the record no longer comes from the 
voice of the singer, but from electric generators 
or batteries feeding the vacuum tubes. On the 
reproduction end, no sound box is used and no 
horn. Instead of the needle resting in the con- 
ventional phonograph groove vibrating a sound 
box diaphragm it actuates a tiny strip of metal 
in what is known as the electrical pick-up, a 
small device enclosing the needle holder. 
Through these vibrations electrical currents are 
produced which pass through a powerful 
vacuum tube amplifier, operated from alter- 
nating current from an ordinary electric light 
socket, and the amplified output is fed into a 
loudspeaker of the free-edge cone type. 


* + + 


The Don Dons the Headphones 


SPAIN continues to show additional progress 
in radio with another broadcasting station tc 
be erected at Malaga, the first in that section of 
the country. Static interference has made the 
reception poor from foreign stations, and the 
Malaga fans are celebrating the advent of the 
new local station to a point where it is re- 
ported that radio receiver sales are reaching 
boom proportions. 

* * * 


The First Receiver to Be 
Bequeathed 


For the first time on record, in New York 
at least, a radio set has been bequeathed by its 
owne: by will and testament. The official files 
contain mention of practically everything 
imaginable, from fountain pens to millions of 
dollars in legacies, but it was a new one on the 
Surrogate’s Court when the will of Edward F. 
Gordon was filed and it was shown that a 
beneficiary was to receive the radio set prized 
by the late departed. Gustave W. Fuerth, of 
Newark, was the friend named to enjoy that 
distinction. 
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Underwood & Underwood 


A “CONFIDENTIAL TRANSMITTER” 
By means of this short-wave transmitter which he has invented W. W. Salisbury 


hopes to carry on conversations by radio as privately as by telephone. 


By calculating 


the length of the transmitted waves and concentrating them in a narrow shaft with a 
reflector, he expects to direct them accurately. 


How Radio Helps the Small 
College 

Just as the new and open style of football 
created by the rules committee brought colleges 
and universities into national prominence in 
sections of the country which had not previ- 
ously known of their existence, so may radio 
publicize institutions of learning into country- 
wide fame such as their founders never hoped 
for. This possibility is indicated in the recent 
formation of an association of professors rep- 
resenting the educators who are broadcasting, 
headed by a president who hails from Carleton 
College, wherever that may be. Other member 
institutions are Beloit, Nebraska Wesleyan, 
Wisconsin, Kansas, Michigan, Ohio State and 


Iowa State. 
* * 


+ 
The “Song of the Atom” 


Ever since radio research brought about the 
division of the atom, increasing wonders have 
pyramided so rapidly that it will hardly oc- 
casion any surprise to learn that now the radio 
audience has been introduced to the song of 
the electron. The demonstration occurred 
during a broadcast talk by Dr. Peter I. Wold, 
professor of physics at Union College. A 
photo-electric cell was connected to the broad- 
cast circuit of WGY and a dise with many 
rows of perforations was placed between the 
cell and a light source. The photo-clectric cell 
is coated’ on its inside surface with metal 
potassium which is very sensitive to light. At 
the center of the cell ts a plate of tungsten. 
When light falls on the potassium coating 


electrons are given off and = travel to the 
tungsten plate, thus constituting a current. By 
means of a motor the disc with circular rows 
of holes was rotated between the light and the 
cell. When the disc was revolved slowly a low 
pitched note was given off, rising gradually as 
the speed of the dise increased. For the con- 
struction of an organ, the ingenious experi- 
menter would need only to have rotating discs 
with rows of holes of the right numbers, which 
could be uncovered by small slides operated 
from a keyboard, and the loudness of the notes 
could be controlled by regulating the brightness 


of the lamp. 
* * 


A High Power Station for Bavaria 


Furrier word has been received that finally 
a real high-power broadcasting station will soon 
start operating in Bavaria. It is located in 
Herzogstrand, to be exact, and providing it is 
found feasible to satisfactorily modulate speech 
and music as much as fifty kilowatts of power 
will be employed for broadcasting purposes. 
The construction of the station has been in 
progress for some time, and it is now said to 
be nearing completion, with an antenna stretched 
between two mountain peaks. 

* * * 


How Many Broadcast Listeners 
‘Are There? 

ACCORDING to the figures recently compiled by 
the British Broadcasting Company there are 
10,000,000 listeners on the British Tsles alone; 
of this number 8.500.000 own the “very simplest 
receiving apparatus.” 
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“Radio Scouts” 


AN interesting experiment has been conducted 
by the Boy Scouts of America in co-operation 
with station KDKA, at Pittsburgh, Pa., for 
the benelit of boys who live on farms so far 
out in the country that they cannot attend 
troop meetings. Once a week a snappy troop 
meeting program has been broadcast, including 
songs, bugle calls, the Scout Oath and Law, 
addresses, cheers and games. Boys who listen 
in are invited to enroll. They are known as 


“Radio Scouts.” 
* * * 


What Was Accomplished at the 
Radio Conference 


REGARDLESS of the informal nature of the 
Fourth Annual Radio Conference, held in Wash- 
ington recently upon the call of Secretary of 
Commerce Herbert Hoover, it cannot be denied 
that it faced every one of the issues confronting 
i broadcasting situation squarely and decis- 
ively. 

One need only tune to the higher frequencies 
with a sensitive receiver in any part of the 
country to realize that there is something wrong 
which must be remedied if broadcasting is to 
prosper. The ether today is an overcrowded 
bedlam with interfering carrier waves and radi- 
ating receivers. Fortunately, the upper part 
of the broadcast band has been reserved for 
high grade stations, each operating upon its ex- 
clusive channel, reducing heterodyning of car- 
| 
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A NOVEL TYPE OF MICROPHONE 


These new double-button microphones have been 
installed as part of the equipment of New 
York's newest station, WHAP. Each micro- 
phone is mounted upon a pivot so that it may be 
turned towards or away from the performer to 
vary the volume of sound transmitted. 


rier waves on wavelengths above 280 meters to 
a minimum. 

But even this reserved domain has been 
threatened by the clamor of scores and hun- 
dreds of applicants for wavelengths who would 
encroach themselves upon the long suffering lis- 
tener. Up to this time, licenses have been 
granted to broadcasting stations on the theory 
that the ether is frec to all those who would 
use it. As a consequence, we are now faced 
with a superabundance of stations and only 
by the adoption of a new basis for the issuance 
of licenses can we avert a chaotic condition of 
the ether. 

In dealing with this problem, the conference 
went on record as opposing the granting of a 
single additional license until there shall be a 
substantial reduction in the number of broad- 
casting stations now operating. It further 
recommended that hereafter the basis for issuing 
a license shall be service to the listener. The li- 
cense shall be regarded as permission to trespass 
upon the sacred domain of public property, ex- 
tended only to those who render a public serv- 
ice by using one of the few available paths in 
the ether. It shall not be used for selfish pur- 
poses, such as direct advertising and the hawk- 
ing of wares. Only the good-will type of educa- 
tional or entertainment program may be spon- 
sored by commercial organizations. After a 
definite date the manufacture of radiating re- 
ceivers, the all too-prevalent disturbers on the 
highway of the cther, shall be discontinued. 

It is true that these and other recommenda- 
tions of the Conference are simply the ex- 
pressions of opinion of a body of qualified ex- 
perts, representing the broadcast listeners, news- 
papers conducting radio sections, radio maga- 
zines, broadcasting stations, receiving set man- 
ufacturers and operating radio telegraph com- 
panies. Many of their recommendations the 
Secretary of Commerce is not empowered to 
carry out. Certainly an informal conference is 
not endowed with authority to delegate him 
powers which amount literally to those of a 
dictator of the ether. Nevertheless, the advice 
of the conference, as embodied in its reports, 
will undoubtedly be a potent influence in shap- 
ing legislation which will make possible the le- 
gal enforcement of most of its recommenda- 
tions. 

—Enpcar H. FELIX 


* * * 


A Radio Set for Every Boy 
Scout Troop. 


A RECENT questionnaire sent to the 800,000 
Boy Scouts throughout the country revealed that 
95 percent of them either own radios—or want 
to. In Boy Scout camps the use of the radio 
is practically universal; a Boy Scout troop 
without a radio outfit is a rare exception. Fur- 
thermore, this may be applicable even to winter 
camps, as indicated by 600 Boy Scouts who 


last winter spent their holidays camping in the - 


Interstate Park of New York and New Jersey. 
Radio sets were almost as thick as snowshoes 
and skis. 
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130,000 
times better 


One of the great steps forward in the devel- 
opment of the Radiotron was the evolution 
of the X-L filament. 


When you tune in to clear reception, do you 
know that a stream of electrons leaping from 
a glowing filament is the current which, 
translated into sound, you hear as a fine sym- 
phony, a jazz orchestra, a clever story? 


The more electrons thrown off at a given 
temperature, the longer the tube lasts, and 
the longer the batteries last. The X-L fla- 
ment in Radiotrons UV-199 and UV-201r-A 
throws off, at operating temperature, 130,000 
times as many electrons as an ordinary tung- 
sten filament. In one sense, therefore, the 
X-L filament is 130,000 times better! 


And this filament means stability, too—and 
silent operation. And it keeps its efficiency 
practically to the end of its life. 


Watch for the RCA mark on every tube 
you buy, and know that you have the latest, 
most perfected tube, as well as the most ac 
curately made. 


Radiotron Radiotron 
UV-199 UV -201-A 
(s the standard tube is the standard tube 
for dry battery sets. for stovage battery 
UX-1909 wu exactly sts. UX -20r A ts 
like wt, but has d new exactly like it, but has 
hase. a new base 
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The Best in Radio Equipment 1 


Brandes Cone Speaker 


A truly decorative bit of furniture con- 
'cealing a speaker of remarkable qualities 
—faithful, natural. Low and high notes 
gain new charm. Greater volume. A de 
luxe product, the result of 17 years of re- 
search and experience in radio acoustics. 


Brandes 


| experts in radio acoustics since 1908. 


_ All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY 
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A Notable Service Rendered with Distinction 


“EVERY year of our work with radio has brought a greater apprecia- 
tion that st is one of the most progressive forces ever known. To observe, 
to announce and to explain this progress so that mankind can benefit 
to the fullest degree from it is a notable service. POPULAR RADIO ts 

performing thts great task with distinction.” 


A. ATWATER KENT 
ATWATER KENT MANUFACTURING COMPANY 
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A Phenomenon in Radio Reception That Has Led to a 
New Theory of Wave Transmission 


Here is an ordinary vertical loop direction-finder that is tuning in at the maximum ampli- 

tude the signals which are being transmitted from the horizontal wave antenna shown in the 

A E EER the fact that the loop is AT RIGHT ANGLES to the direction of trans- 
mission. 
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A NEW THEORY OF 


WAVE 


TRANSMISSION | 


All of the theories of “radio waves” heretofore propounded fail to explain 
certain radio phenomena. In the course of his researches into these mysteries 
in his extensive field laboratory, the author of this article—who is one of 
the world’s foremost scientists—developed a new theory that he has illus- 


trated with a simple and novel mechanical model. 


This new theory, which 


accounts for fading and the erroneous results met with in direction-finding 

and which throws light on the little-understood “horizontal radio wave,” is 

put forth for the first time in this article that has been prepared exclusively 
for PopuLar Rapio. . 


By E. F. W. ALEXANDERSON 


HE earliest radio literature describ- 
ing the experiments of Hertz makes 
it plain that even at that date the possi- 


bility of polarization of radio waves was 


realized by this pioneer discoverer. Then 
this subject fell into complete neglect so 
far as practical radio technique is con- 
cerned. When it again came to our atten- 
tion recently during our research work on 
short waves it was through an accident. 
And it came as unexpectedly as a new dis- 
covery. 

What we are now trying to do is to 
formulate a conception of what the radio 
wave consists of and how it travels. We 
have too long been satisfied with mathe- 
matical symbols that have no definite 
physical meaning. ‘This has limited our 
vision in understanding wave propagation 
and some of the most important radio 
phenomena remain unexplained. 

We are therefore approaching the sub- 


ject from two angles. One is the classical 
theory of light radiation in the ether; the 
other is the electromagnetic theory as we 
know it in electrical engineering. 

Both of these theories have their diffi- 
culties and their shortcomings. 

The only positive knowledge we have 
of electricity is the electronic theory. We 
know that the electron is the smallest ele- 
ment of matter. We know its mass, its 
electric charge and we know how fast it 
travels. But we do not know what mag- 
netism really is. As a matter of fact we 
have good reason to believe that there ts 
no distinct force that can be called a mag- 
netic ficld and there is no ether in the old 
seuse.* If there were an ether what is 
the relation between the electron and the 
ether and between the ether and magne- 
tism. 


*See “There Are No Ether Waves” by the late Dr. 
Charles P. Steinmetz. Porputar Rapio for July, 1922, 
pages 161-166. 
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The best picture we can form is to as- 
sume that each electron has its own ether 
attached to it. But why call this medium 
ether? 

Dr. Michael I. Pupin has very appro- 
priately said “why not just call it electric- 
ity?” This explanation was given by him 
in an inspiring lecture delivered in Sche- 
nectady to the memory of Dr. Steinmetz. 
According to this new theory a complete 
electron consists of a nucleus and an 
aurora of electricity extending through 
the universe. If a nucleus vibrates, the 
aurora tries to follow; but it cannot fol- 
low immediately, so the motion progresses 
in the form of waves in the electric 
medium. Thus the relativity of light 
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velocities is easy to understand because 
each source of light carries with it its own 
track on which it travels. 

This electric medium is material; it has 
mass and elasticity. We can thus form a 
mechanical conception of wave, motion. 
But what, then, is magnetism ? 

The answer is, it is simply the velocity 
or kinetic energy of the electric medium. 
This sounds reasonable enough, but how 
about a solenoid magnet ? 

The electrons circulate around in the 
coil and carry with them the electric 
medium like a flywheel. When the cur- 
rent is constant, the flywheel runs at a 
constant speed and consumes no energy 
except the frictional losses which may be 
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A PHENOMENON IN RECEPTION THAT IS NOT EXPLAINED BY 
FORMER THEORIES 


The operator of the vertical-loop direction-finder here has the loop pointed dirtctly at 

the transmitting antenna. In this position he would normally get a maximum deflection 

on the galvanometcr that ts incorporated in the receiver in the small box mounted on 
the tripod, yet the meter registers zero. 


A NEW THEORY OF RADIO TRANSMISSION 
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AN EXPLANATION OF “FADING” ON A MECHANICAL MODEL 
The model consists of balanced weights hung on strings that are fastened to individual 


rocker arms; 


they are ticd together by rubber bands in a horizontal direction, to re- 


produce the ‘field stresses in the wave. At the left Mr. Alexanderson is shown about 

to start the weights into a wave motion for demonstrating to the Technical Editor of 

PoruLar Ranpio, by means of a paper weight tied to a string and running over a small 

glass rod held by the visitor, that at certain points there will be no indication of wave 

motion by the paper weight detector. This is a mechanical analogy which demonstrates 
the twisting plane of polarisation and also a certain kind of radius. 


said to be the resistance losses in the cop- 
per wire. But when we start it and stop 
it we have to deal with the kinetic energy 
and we know that inductance has all the 
characteristics of kinetic energy. Further- 
more, if we now run the flywheel back and 
forth rapidly, by reversing the current, 
the mass of the distant portions cannot 
follow immediately and elastic strains are 
set up in the medium which therefore car- 
ries away energy in the form of wave 


motion. The elastic forces are electro- 
motive forces. The magnetic field is 
velocity. 


This mechanical analysis can be carried 
still further. Thus a change in magnetic 
field may be said to be a change of veloc- 
ity of the medium. But change in velocity 
is acceleration and is accompanied by 
forces of mass reaction (inertia). These 
mass reactions are equal to the elastic 
forces that produce acceleration. Our old 


magnetic theory tells us that a change of 
magnetic field produces an electromotive 
force and our mechanical theory of the 
electric medium tells us that the elastic 
electromotive force, acting upon the mass, 
produces changes of velocity which are ~ 
equivalent to changes of magnetism. 

So, you see, the two theories check and 
we can afford to forget, for the time 
being, that there is a magnetic field. 

The advantage of this reasoning is that 
we can express our theory in a mechanical 
model. For study of more complicated 
phenomena this is very helpful. Such 
phenomena as linear or elliptic polariza- 
tion and change in plane of polarization 
can thus easily be visualized. 

One example of the use of the mechan- 
ical model for studying wave propagation 
is an experiment which was made to 
study a phenomenon which has been often 
observed but never before satisfactorily 
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explained. What I refer to are the false 
indications of a direction finder which are 
sometimes very pronounced. 

The following are some of the factors 
which we desire to correlate by a logical 
explanation. It has been known almost 
since the beginning of transatlantic com- 
munication with long waves that measure- 
ments of direction of wave propagation 
with rotating loops show peculiar irregu- 
larities at the time of sunset. This phe- 
nomenon has become known especially 
from the work of Dr. L. W. Austin and 
Dr. A. Hoyt Taylor. The apparent devia- 
tion in direction of wave propagation 
which they reported were at times so great 
that it was feared that the installation of 
the Beverage antenna on Long Island 
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might at times be rendered inoperative by 
these changes in direction of the wave. No 
such effects were, however, observed. 
Here it should be noted that the obser- 
vations which showed these irregularities 
were made with a loop rotated around a 
vertical axis, whereas the Beverage an- 
tenna is a horizontal wire one wavelgngth 
long. : 
Another peculiarity of the observations 
of radio waves known among aviators is 
the fact that direction finder bearings on 
an airplane are correct only if the plane 
flies in the line towards the observing sta- 
tion. If the airplane flies at right angles, 
the direction finder gives false orientation 
as high as 45 degrees or more. It is also 
known that ‘this false orientation is 


HOW A RADIO WAVE PRODUCES GROUND CURRENTS AT A 
DISTANCE FROM THE TRANSMITTER 


The smaller sct of weights (at which Mr. Alexanderson is pointing) represents earth 

currents that are set up by the radio waves which are represented by the large upper 

zwcights. When the apparatus is set in motion, œa regular wave-form is set up in the 

lowcr set of weights by the action of the upper set of weights operating through the 
rubber bands. 
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A DEMONSTRATION OF THE “CORKSCREW WAVE” 


The author ts here shown setting up a corkscrew wave motion by means of his 

mechanical “analogy machine.” Notice how the rubber bands govern the motion of 

the whole wave; they have the same effect upon the separate weights as the elastic 
transmission medium would have upon the clectrons in a radio wave itself. 


greater if the antenna is trailing horizon- 
tally. It is, therefore, attempted to keep 
the antenna as vertical as possible by a 
weight. 

A third set of observations has been 
brought out through the research work in 
Schenectady on horizontally - polarized 
waves radiated by a horizontal loop. 
Measurements with a direction-finder re- 
ceiver usually give bearings approximate- 
ly at right angles to the place where the 
station really is, but sometimes it gives no 
direction indication at all. Other meas- 
urements indicate that the direction of 


wave propagation is almost straight ver- 


tical. The observation that the wave ap- 
pears to come straight down from above 
suggested an explanation that wave com- 
ponents radiated directly upwards had 
been reflected straight down by the 
Kennelly-Heaviside layer. This explana- 
tion seems however less likely in view of 


the other facts to be considered. 

Putting all these facts together it seems 
now that the old observations on the long 
wave, the airplane and our recent work on 
the horizontal loop can all be explained as 
a characteristic behavior of the horizon- 
tally polarized wave. 

In all three cases the wave appears to 
come in from the side, but actually it does 
not. When in the third case there is no 
direction indication whatever, and the 
wave appears to come in from above, this 
is also an illusion. 

The question 1s: what does really hap- 
pen? 

This is the problem on which the ex- 
periment with the mechanical model can 
throw some light. 

We must for this purpose return to the 
idea that the radio wave is a mechanical 
wave motion in the elastic electric me- 
dium. In the mechanical model the 
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weights represent the mass and the rub- 
ber bands the elasticity of this medium 
and the vertical as well as horizontally- 
polarized wave can easily be reproduced. 
But when we are to imitate a wave motion 
over the surface of the earth, we must 
also in some way imitate the presence of 
the earth. The earth is a conductor and 
therefore the elastic strains represented 
by the rubber bands cannot exist in the 
earth. Displacement currents in the elec- 


tric medium can, on the other hand, induce 


conduction currents in the earth. These 
conduction currents are moving electrons 
which may be represented by weights 
which are not tied together by rubber 
bands in the horizontal plane, whereas 
they are electrically associated with the 
electric medium above. To imitate this 
condition, weights were hung by vertical 
rubber bands so that they were elastically 
associated by the wave medium but not 
connected to each other. Now if a 
horizontally-polarized wave is sent forth 
through this system, it is found that the 


wave motion is propagated to the vertical- . 


ly suspended weights producing elastic 
strains in the vertical rubber bands. 

We must remember that the elastic 
strains represent electromotive forces and 
these elastic strains so produced are of the 
same character as if they were a part of a 
vertically propagated wave motion. Ac- 
tually no such wave motion exists and 
these electromotive forces are only the 
electromotive forces which induce cur- 
rents in the ground. If we now assume 
that we set up a receiving antenna in the 
form of a vertical loop with its plane at 
right angles to the wave motion, the pri- 
mary wave motion does not induce any 
currents in the loop. However, the sec- 
ondary electromotive forces which induce 
currents in the ground are in the plane of 
this loop and do tend to induce such cur- 
rents in the loop. 

We have thus been led by the mechan- 
ical theorv of wave motion to attribute 
certain well-known phenomena to ground 
currents caused by horizontally polarized 
waves. It is, however, possible to come 
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to the same result with the electromag- 
netic theory and give a better quantitative 
treatment of this problem with the help 
of mathematics. 

Looking upon the problem in this way, 
we will assume that a horizontally polar- 
ized wave travels parallel to the earth. 
The electromotive forces and the dis- 
placement currents are horizontal and the 
magnetic lines of force are vertical. Thus 
the magnetic lines terminate in the 
ground. The magnetic lines are sweep- 
ing away from the radiator like alternate 
north and south poles of magnets pointed 
into the earth. According to the laws 
of magnetic induction these sweeping 
magnetic poles will produce eddy cur- 
rents in the ground which in their turn 
induce currents in a direction-finding 
loop. An apparent orientation is there- 
fore found at right angles to the direc- 
tion of wave propagation. 

If this theory is correct, it should be 


- found that false indications of the direc- 
-tion finder and the apparently vertical 


wave propagation can be observed only in 
the proximity of “ground.” Thus if ob- 
servations are made in ‘airplanes high 
enough over the ground, the horizontally 
polarized wave should show a horizontal 
plane of polarization with a true direction 
of propagation. 

It is hoped that with the co-operation of 
the government such observations may be 
made. If such tests give the results pre- 
dicted it may be concluded with reason- 
able assurance that the peculiar phenom- 
ena of false indication of direction finders 
which have been known for some time 
may be explained as a normal characteris- 
tic, indicating the presence of horizontally- 
polarized waves. This theory also explains 
why the existence of horizontally-polarized 
waves has so long been neglected because 
it has been shown that a horizontally- 
polarized wave can be received on a ver- 
tical loop but not on a horizontal loop. It 
will also give us greater confidence in the 
use of the mechanical theory of wave 
motion for explaining other phenomena 
of wave propagation. 
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THE UNIVERSITIES TRAIN ENGINEERS FOR THE RADIO INDUSTRY 


The demand for experts is being met in part by technical schools and universities 
where courses in electrical engineering are preparing technical men for positions 


with business corporations. 


Such engineers usually earn from $2,500 to $7,500 a 


year in salary; some consulting engineers have earned as high as $100,000 a year. 


Radio as a Life Work 


Where the opportunities lie for the experimenter who 
wants to earn his living in this new field of science. 
and industry 


By PIERRE BOUCHERON 


HERE are at present some excel- 

lent opportunities in both the com- 
mercial and engineering fields of radio 
—with perhaps a slight preference for 
the first. 


The engineer who spends a lifetime- 


in research, designing and experimental 
work is likely to follow a very ethical 
pathway. In many instances the lure 
of money or profit in his profession is 
somewhat distasteful, and, providing his 
income is sufficient to take care of his 


immediate needs, he is usually satisfied 
with his lot. 

The commercial man, on the other 
hand, is apt to view things in a different 
light. His training and qualifications 
are concerned with chasing the al- 
mighty dollar. It is his job to make 
sales for his company; for that reason, 
the viewpoint of the commercial man 1s 
closely associated with money-making 
and he is apt to apply the same prin- 
ciple to the matter of salaries and com- 


213 


214 


missions. The commercial side of any 
industry is consequently often more 
profitable than the engineering end. 

This article is not concerned with the 
commercial radio man. 

Whether or not a man chooses the 
engineering side of radio as a profes- 
sion 1s, after all, a matter of individual 
temperament and disposition. 

As a matter of fact, there are many 
engineers who have branched into the 
commercial end of radio, and there are 
likewise men starting in commercial 
capacities, who later find engineering 
more suited to their individual ambi- 
tions. 

Radio engineering does not require 
very many men, but the few who are re- 
quired must be good. There is, how- 
ever, a growing need for operating men, 
particularly at high-powered land sta- 
tions. By “operating men,” is meant 
not so much telegraph operators as men 
who are well vetsed in the fundamentals 
of radio and who have a fair technical 
training as well as a practical one— 
transmitting and receiving engineers for 
example, and men who are trained in 
the installation, operation and care of 
high power transmitting and receiving 
apparatus, and who are telegraphers as 
well. 

Radio as it is today has branched 
out considerably into many sub-divi- 
sions. An important development of 
recent years has been transoceanic radio 
telegraphy. This country has made 
active progress in transoceanic com- 
munication and a number of radio sta- 
tions have been erected on both the 
Atlantic and Pacific coasts which are 
designed for high-powered long-distance 
transmission and reception. [In this 
ficld, therefore, there is need, and prob- 
ably always will be, of men capable of 
handling the operating details of these 
high power equipments. 

What are the duties of transmitting 
and receiving engineers at high power 
Stations ? 

The transmitting engineer at a high 
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power station may aptly be called a, 
shift engineer. His duties correspond 
somewhat to those of an engineer at a 
central power plant and the experience 
he gains here may come to him in good 
stead should he later engage in regulat 
power-station work. 

In addition to this, he has the. ad- 
vantage of being in close touch with the 
latest applications resulting from mod- 
ern scientific discoveries in engineering 
practice. Of late, radio has struck a 
new cord; and its principles are rapidly 
finding uses in all manner of allied en- 
gineering such as telephony and teleg- 
raphy. 

It is the duty of a shift engineer to 
keep the apparatus moving. He must 
see to it that the power supply is con- 
stant, that the cooling system connected 
with the efficient operation of the high 
frequency alternators is in working 
order, that the remote control system 
is operating at such speed that 50 or 
more words a minute may be possible 
at any moment. Incidentally, the speed 
control of high-frequency alternators 
must be very accurate and the methods 
which have been devised to accomplish 
this are novel and instructive from an 
engineering point of view. 

The problems of the receiving engi- 
neer are somewhat similar but on a 
smaller scale. The battery supply must 
be kept quiet and constant and the re- 
ceiving equipment must ever be in a 
highly effective working order. These 
factors are of great importance in re- 
ception. 

The receiving engineer is perhaps 
more in touch with the immediate de- 
velopment of radio than anyone else, 
as it is necessary for him to secure the 
facilities for handling as great an 
amount of traffic as possible with the 
apparatus available. The work, there- 
fore, calls for considerable ingenuity. 

The man who has a good electrical 
engineering training and who has devoted 
a certain amount of time to amateur 
radio experimentation naturally has the 
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HOW RADIO OPERATORS ARE INSTRUCTED 


Amateurs as well as “fans” without technical knowledge are turned into radio 
operators in radio courses that are conducted by private institutions and by some 


few business corporations. 


A ship’s operator earns from $1,000 a year to $1,800 


with board. 


advantage in such work. There are 
many electrical students who are ama- 
teurs, with such training and as elec- 
trical engineering has been foremost in 
their minds, radio has occurred to them 
as a possible career. 

There is a good future for compe- 
tent radio engineers; men who have 
considerable experience and who under- 
stand the problems involved in making 
radio fool-proof. In fact, there are to- 
day many serious difficulties to be 
overcome. Here are some of them: 

As many tropics-bound ship operators 


know, we have in radio a strong nega- 
tive factor in the masterful and ever 
present “static” which also bears the less 
popular name of “strays.” These at- 
mospheric electrical disturbances cause 
objectionable noises in the receiving tele- 
phones of the operator. For this rea- 
son, parts of messages are often muti- 
lated. In fact, when static is very 
severe (as during heavy electrical 
storms), radio reception often has to be 
abandoned for lengthy and costly 
periods. This problem is probably the 
most important one that requires solu- 
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tion today. It was discovered a short 
time ago that static waves seem to 
travel largely from a particular direction 
which is frequently different to the in- 
coming radio signals. The final elimina- 
tion of static is a problem that is not 
going to be solved overnight; it will 
rather be a gradual process. It will 
probably be a long’ chain of personal 
achievements of many engineers when 
finally static will be entirely controlled 
or eliminated. 

A scheme to overcome static has been 
employed which may aptly be termed 
the “dodging” method. In this case 
there are possibly three separate trans- 
oceanic receiving stations located at 
various points along the coast each 
separated by a distance of 400 or 500 
miles. The plan is for each of these 
stations to receive the {ncoming signals 
and simultaneously transmit them over 
a land line to a central receiving point, 
such as New York. The method of 
reception at the central point may be 
any recording method which will perma- 
nently register the signals on paper 
tape. The central receiving operator 
thus has three tapes passing his line of 
vision which record the same message. 
As in most cases static is of local origin, 
it is assumed that only one of the sta- 
tions will be affected at one time and 
that the other two will receive the sig- 
nals without mutilation. Thus, if one 
of the tapes shows static interference, 
there remain two others for checking 
purposes. 

Another problem which requires solu- 
tion is that of making radio communi- 
cation secret so that transmitted sig- 
nals cannot be intercepted by either 
competing organizations or by foreign 
governments, who may, by following 
the simple expedient of setting up re- 
ceiving installations, “listen-in” and copy 
what is going on in the ether. 

Another problem in radio is that of 
perfecting a reliable calling system for 
use primarily on board vessels. At 
present it is necessary for an operator 
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to be constantly “listening-in” in order 
to know whether anyone is calling him.* 
Some interesting developments in this 
direction have been made by our English 
colleagues, but they have plenty of room 
for perfection. - 

High speed radio telegraphy has been 
receiving attention and several systems 
are known to work. satisfactorily. But 
these are practically useless when static 
is very severe. For that reason, there is 
need of a certain amount of develop- 
ment in high speed transmission and 
reception, so that the transmission and 
reception of international messages can 
be made a profitable one for those en- 
gaged in it. 

A recent development has been the so- 
called “wired-wireless” experiments in 
which radio is made use of in long dis- 
tance wire telephony and telegraphy. 
Effective multiplexing is made possible 
by the use of radio waves which are 
guided by wires. In fact from six to 
ten simultaneous channels of communi- 
cation are sometimes available on a 
single wire line. These experiments in- 
dicate that we may reasonably look for- 
ward to transoceanic cable telephony. 

Radio direction finding is proving in- 
valuable in maritime circles, but it has 
not reached perfection by any means. 
Here too there is need of radio engi- 
neers who will specialize in direction- 
finding work exclusively. 

An appliance which has well nigh 


revolutionized the radio world, with 
special emphasis on radio telephone 
broadcasting, is the vacuum tube. The 


vacuum tube today is truly the “heart 
of radio.” It has the unique charac- 
teristic of performing all the essential 
functions of generating and modulating 
the high-frequency power of the trans- 
mitting station, and it may also be used 
to receive, rectify, and amplify the re- 
ceived power at the receiving station. 
Not onlv does it prove excellent in 
radio telegraphy but is exceptionally 
well adapted for radio telephony. 


* See Porpurar Rapio for June, 1924. 


RADIO AS A LIFE WORK 


o S 
Å‘ A w = r +." “Ww i; 
s ia wey D 


OP RES. 


oh DOG pies? $ Be VA RE LAN = 


Radio Corporation of America 


WHERE THE “COMMERCIAL TRAFFIC WORK” OF RADIO IS CARRIED ON 


With the constant increase in the number of radiograms and the building of new 
radio-telegraph stations throughout the world, the demand for help is growing 


proportionately. 


Men who handle the routine message work in such a trans- 


atlantic radio-telegraph operating room as shown above, usually get from $1,500 
to $2,700 a year. 


We have, therefore, in the vacuum 
tube another angle of radio which will 
require specialized attention by com- 
petent electrical engineers of the future. 
The vacuum tube is not only used in 
radio but it has found its way to advan- 
tage in ordinary wire telephony and 
other electrical uses which makes us re- 
alize that electrical engineering is closely 
associated with radio engineering. 

In fact, one cannot be a good radio 


engineer without being well founded in — 


electrical principles. 

As an illustration of how closely radio 
is’ associated with wire telephony and 
telegraphy, it may be recalled that the 
American Telephone and Telegraph 
Company gave a demonstration before 


the International Communication Con- 
ference, who were able to listen to cen- 
versation going on between a ship in the 


_ Atlantic and a small island in the Pa- 


cific. In this instance, radio was linked 
with the regular land telephone lines and 
necessitated the combined co-operation 
of radio, electrical and communication 
engineers. 

Another illustration was the duplex 
radio telephone feat between the S. S. 
America and the Deal Beach radio tele- 
phone station, accomplished by the com- 
bined engineering skill of the Radio 
Corporation of America, the American 
Telephone and Telegraph Company, the 
Western Electric Company and the Gen- 
eral Electric Company. 
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THE RADIO FAN WHO IS “HANDY WITH TOOLS” USUALLY 
STARTS IN A FACTORY JOB 


If he has inventive talent, his career will lead upward indefinitely. 

usually start in at such work at about $1,100 a year; a skilled mechanic may get 

from $1800 to $3,100 a year, and inventors sometimes get in addition a share tn 
the proceeds of their inventions. 


But perhaps the most important and 
far-reaching opportunity 
radio broadcasting. 

~The ether in and near large cities 
that are served by broadcasting stations 
is literally packed with music, lectures, 
news, children stories, market and 
weather reports and what not. Radio 
telephone development is responsible for 
this tremendous interest. Recent esti- 
mates of the number of radio broadcast 
enthusiasts place this figure at approxi- 
mately three million! 

Men and boys who a few months ago 
did not know a vacuum tube from an 
electric lamp are today holding neighbors 


spellbound with their glib radio vernacu-. 


lar. Parents are beginning to look upon 
their radio amateur sons in a new light— 
as future Edisons and DeForests and 
Marconis. A great many youths are 
naturally gravitating toward radio as a 
profession; they need help and timely 
advice. 


in radio is. 


Mechanics 


Meanwhile, however, man, woman and 
child want to hear “the voices from 
the air.” They need apparatus for this— 
apparatus that is effective. Already the 
radio public is beginning to discriminate. 
There is, therefore, an excellent chance 
for the conscientious engineer who 
wishes to see broadcasting and amateur 
radio a part of every day activity. As 
radio progresses, there will be need of 
more exact methods in the designing and 
manufacture of apparatus. Moreover, 
these factors will necessitate careful con- 
sideration by future radio engineers. 

The broadcasting and amateur side 
of radio is one which today plays a 
very important part in general radio de- 
velopment. In fact, amateur radio has 


contributed in a great degree to the 


general progress of the science. 

A leading radio engineer recently em- 
phasized the need of good radio men. 
He thought that radio as a commercial 
and professional possibility had been 


RADIO AS A LIFE WORK 


given altogether too much publicity and 
that its future had been painted in too 
glowing colors. For that 
thought there were too many men at- 
tracted to it who were not especially 
equipped either by inclination or educa- 
tion to take up radio as a profession, 
and would ultimately retard rather than 
advance the art. 

This engineer carefully gleans every 
patent which is directly or indirectly 
connected with radio that is issued by 
the United States Patent Office. His 
conclusions are that there is probably 
only one out of every 1,000 patents 
issued which is really of any value to 
the development of radio. The 999 re- 
maining patents are so called “paper 
patents” and are practically worthless. 
Incidentally, they reflect the lack of 
knowledge and experience which these 
would-be inventors hold. Many of these 
documents have been prepared by men 
who have a vague and hazy idea of 
radio fundamentals. In short, there is 
too much negative activity connected 
with radio and there is need of some 
real constructive and really worth while 
work along these lines. 

It would seem, therefore, that if any 
competent electrical engineer 1s contem- 
plating specializing in radio the field is 
open to him for recognition providing 
that he is willing to keep his feet on 
the ground and “lay off” on radio 


reason he. 
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dreams and impossibilities. There is, 
of course, nothing to stop an electrical 
man from pursuing a strictly electrical 
career and at the same time resort to 
radio as a hobby whereupon he may by 
due process of experimentation and re- 
search strike something of real impor- 
tance and benefit to the art. 

There is a growing number of uni- 
versities and colleges in this country 
that have recognized the value of radio 
by making it part of their regular engi- 
neering courses. Some of these are Co- 
lumbia University, Cornell, Rensselaer 
Polytechnic Institute, Yale, Harvard, 
Massachusetts Institute of Technology, 
Pennsylvania State College, Polytechnic 
Institute of Brooklyn and several other 
education institutions. 

The most practical way to learn radio 
properly is to become first an electrical 
engineer or at least to become well- 
grounded in electrical principles through 
amateur experimentation or intensive 
training at a good radio institute. In 
this way the student may acquire enough 
radio knowledge to enter the service of 
one of the several large radio companies 
in one of their branches, such as de- 
signing, construction work, manufactur- 
ing, Operation or maintenance. 

The men who are today well gioni 
in radio circles and who have fared 
well are those who have followed these 
or similar lines. 


A New Power Amplifier Unit 


In the April issue of POPULAR RaDio will appear the first complete description 
of a new unit that will be the forerunner of many audto-frequency amplifying 


devices of the future. 


The article will describe a power amplifier unit that will 


ovide straight audio-frequency amplification with a minimum of distortion. 
The he unit comprises one stage of transformer-coupled audio-frequency amplifi- 
cation and it will supply the A, B, and C voltages to the power amplifier tube in 
the last stage; it will also supply B and C voltages for the first stage of ampli- 
fication and will supply the B current for any set with which tt is to be used. 
When added to any set that employs one, two or three tubes, it will give reproduction 
of that lifelike tone quality and volume that will enable the filling of a large hall or 

auditorium with concerts. 


Hr 
ai 
= - 

< PA eel 


Kadel & Herbert 


ANS . . a > ” 
fs An Or D "a . 
: “PO A s Ps o 
15 5 Ma Pt a Ae . 
E er 8 | f ; 
E a A 
i o 
7 
: 
hve 4 r 
p : 
e 7 by 
nl i 


S ` A 
`e 


A RECEIVER THAT IS WELL EQUIPPED WITH METERS 


By mounting the milliammeter directly on the panel of the radio receiver the operator has an 
indication at all times that the vacuum tubes are functioning properly. The instrument ts 
indicated by an arrow. 


WHY AND HOW THE MILLIAMMETER INCREASES 


The Efficiency of Your Set 


To keep you advised of the drain on your “B” batteries, to show you 

whether there is distortion in your audio-frequency amplifier and to act as 

a warning signal in case any other circuits in the receiver go wrong—these 
are the functions of this instrument. 


By MAURICE 
DIRECT-CURRENT milliammeter 


is an electrical measuring instrument 
which looks and is built like a voltmeter 
but which measures rate of current flow 
or consumption instead of its voltage or 
pressure. It makes this measurement in 
milliamperes (thousandths of an ampere) 
and is used in radio for indicating the 
rate of current flowing from the “B” bat- 
tery through the plates of the vacuum 
tubes. 


M. OSBORNE 


Few set owners or builders have not 
at some time or other been appalled by 
the unexpectedly rapid running-down of 
their “B” batteries through excessive 
drain. This is particularly so in the case 
of sets that employ high “B” voltage on 
the audio-frequency amplifiers and with- 
out grid-biasing means (“C” batteries). | 

The “B” battery current can flow only 
when the filament of a tube is lighted. 
Turning the “A” current on the tube- 
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HOW THE MILLIAMMETER HELPS YOUR SET 


filament heats it. As soon as it has suffi- 
cient voltage iinpressed upon it and the 
temperature has risen to a critical point, 
the heated filament begins to emit elec- 
trons or tiny negative charges of elec- 


tricity. These electrons start to flow to | 


the tube plate, which is charged posi- 
tively from the “B” battery, and there- 
fore attracts them. The grid of 


the tube may be disconnected and there 


will still be this flow of “B” current, as 
long as filament and plate are properly 
wired to the “A” and “B” batteries. 
Now the grid acts like a shutter on the 
flow of electrons, being wide open and 
permitting a large flow when it is charged 
positively and more and more closed to 
the electron flow as it becomes charged 
more and more negatively. The “B” cur- 


rent flow may be increased by connecting | 


the positive side of a grid battery to the 
grid and it may be decreased by the op- 
posite means. 

This is why the use ol grid biasing or 
“C” battery economizes “B” battery cur- 
rent. 

The most generally useful position of 
the milliammeter in the radio set is on the 
minus “B” lead, between the set and the 
battery. To connect, attach the binding 
post of the meter marked (+) to the 
“B” negative post on the set, with a short 
insulated wire. Attach the “B” negative 
lead from the battery to the other post 
on the meter. The meter will now show 
the total amount of “B” battery current 
that is being used at any time. To safe- 
guard the meter from excessive current 
from accidental short circuits caused by 
dropping a screwdriver into the set, or 
making an incorrect connection, a 10 watt, 
110 volt lamp may be connected in series 
with the meter. 

The meter should show no reading 
when the “A” battery is turned off. If 
it does, there is a short-circuit some- 
where. This is the first useful purpose 
of the milliammeter—it detects even very 
minute short-circuits in the radio set. If 
such a reading appears, with the “A” bat- 
tery switched off, the position of the 


disconnected at the batteries, 
‘danger of short-circuits, 
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short-circuit should be tested for with a 


_ voltmeter, keeping one side of the meter 


attached to the “B” negative lead and ex- 


~ploring with the other lead from the 


meter. 

It is far safer to remove all of the 
tubes when this is being done, to remove 
the danger of burning out tubes. 

The milliammeter will immediately 
show a reading, which for a five-tube set 
may be as high as 20 to 40 milliamperes, 
if there are no “C” batteries used and 
the “B” voltage is high on the audio- 
frequency tube plates. But such a high 
“B” battery current is entirely unneces- 
sary and may be at least halved by the 
proper use of “C” or grid-biasing bat- 
teries, with an improvement in faithful- 
ness of reproduction at the same time. 

If the set does not use “C” batteries, 


they may be installed as follows: 


All the battery-cable leads should be 
to avoid 
when working 
around the set. Then the wiring should 
be disconnected from the binding post 
marked “filament” o ” of each of the 
audio-frequency transformers. 

Assuming that there are two audio- 
frequency amplifying tubes, each with a 
transformer and each with about 90 volts 
of “B” battery on the plate, the set should 
have one or two 4!4-volt “C” batteries. 
The negative side of one each of these 
“C”? batteries should be connected with a 
short wire to the transformer binding 
post marked “filament” and the wire 
which was taken off the transformer 
should be connected to the positive bind- 
ing post of the “C” battery, thus connect- 
ing the “C” positive to the “A” negative. 
Flexible leads with Fahnestcck clips 
should be used and the “C” batteries 
should be placed in the back of the cabi- 
net, behind the tubes. 

Then the batteries may be connected 
and the set tuned. 

The experimenter will note an imme- 
diate reduction in the reading in the milli- 
ammeter and an improvement in quality 
of reproduction. 
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For still greater improvement, four 45- 
volt batteries may be used instead of two 
45-volt “B” batteries. A voltage of 90, 
or two “B” batteries may be put on the 
plate of the first audio tube (first after 
the detector), and a voltage of 180, or 
four full “B” batteries, on the plate of the 
last tube. A grid battery of 4% volts 
may be used on the first tube grid and a 
small 221% volt “B” battery with taps at 
16%, 18%, 21 volts for the second tube 
grid-battery. The experimenter. may try 
different grid biases on this last tube; 
probably about 18 volts will be good, 
but the best bias is determined by ear. 


Still further improvement will result 


from the use of another tube in parallel 
with the last tube. This may be done by 
installing a new socket beside the last tube 
—and connecting grid to grid, plate to 
plate, “A” positive to “A” positive and 
“A” negative to “A” negative with short 
leads of insulated wire. 

Although the ear is the final judge of 
perfection of reception, it is a con- 
dition of distortionless amplification 
that the needle of a milliammeter in 
the “B” negative line will show no 
movement whatever while the set is 
operating. With insufficient voltage on 
the plates of the tubes in a trans- 
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former-coupled audio-frequency ampli- 
fier, the milliammeter reading will in- 
crease with a loud signal. If there is not 
enough “C” battery voltage, the reading 
will decrease on loud notes. Increasing 
the grid biases will correct this condition. 
If the milliammeter needle varies its posi- 
tion continually and over a wide range 
when signals are being received, there is 
sure to be distortion. The grid biases 
and “B” battery voltages should be ad- 
justed so that the milliammeter needle re- 
mains absolutely still at all times that sig- 
nals are being received. 

The milliammeter will show with the 
above recommended high plate voltages, 
not one bit more current used than with 
the lower and less satisfactory voltages. 
The grid-batteries have reduced the cur- 
rent used. 

If a “C” battery or grid connection 
breaks, abnormal current flow shows up 
the defect. If tubes go dead, a drop in 
the reading immediately points to the 
trouble. A leaky tube with a poor vacuum 
will be indicated by its abnormal draw of 
“B” current. 

The experimenter should make a friend 
and adviser of his milliammeter. He 
will never regret it and will find it to pay 
in added enjoyment of programs. 
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THE SINGLE-CONTROL SUPERHETERODYNE IS EQUIPPED WITH BOTH 
A VOLTMETER AND A MILLIAMMETER- 


A plate midliammeter ts so necessary in adjusting the receiver to obtain the best results that 
at is included as an essential part of it. 


Handy Tools for Radio Fans: No. 10 


| 
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From a photograph made for POPULAR Rapio 


THE SCRIBER 


A device for laying out the centers in drilling panel holes 


N instrument of this kind with a strong sharp point is always 

useful in the experimenter’s workshop or laboratory for 
drawing lines on the back of panels or for laying out the centers 
of the instruments. - It must not be confused with the center punch 
as it should never be struck with a hammer to make a deep hole. 
It is only used to make a slight pin prick at the place where the 
center punch will later enlarge the hole to start to drill. 


The instrument is usually finished as shown in the photograph, 
with a knurled surface and a small knob at one end for applying 
greater pressure. 


The preceding suggestions in this series were SIDE-CUTTING 
PLIERS, SCREW-DRIVERS, THE HyYDROMETER, THE BATTERY-TESTING 
VOLTMETER, THE FILE, THE JACK KNIFE, THE ELECTRIC SOLDERING 
IRON, THE SOCKET WRENCH and THE HAND DRILL. 
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THE DRILLING PLAN FOR THE PANEL 


This drawing shows exactly where holes should be drilled in the panel for 
mounting the instruments. The holes which are outlined with a double circle should be 
countersunk. Always start drilling the holes in the panel with a i small drill—one- 
sixteenth ts a good size. l o 


Ficure 1: 


Simple 


“How to Build” 
No 
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How to Build a Three-tube Four-circuit Tuner 


By LAURENCE M. COCKADAY 


Cost oF Parts: 


Not more than $42.50 
APPROXIMATE RANGE: 


1,000 miles 


HERE ARE THE ITEMS WITH WHICH THE 
LABORATORY MopeL Was BuILt— 


A, B, C and D—primary, secondary stabilizer 
and antenna load coils of the Precision 
Octaform four-circuit coil set; 

E and F—two sections of the Lombardi dual 
SLF variable condenser, .00035 mfd. ; 
G—Aerovox mica fixed condenser, .00025 mfd.; 
H and I—Perry audio-frequency transformers ; 

J—Bradleyleak ; 

K—Jones seven-point inductance switch; 


HIS model receiver, which has been 
added to this series of simple sets 
for the beginner, utilizes the principle of 
the four-circuit tuner as it was first pro- 
duced. That is, it consists of a detector 
and two stages of transformer-coupled 
amplification. 
The set is not as costly as the five-tube 


L—E-Z-stat, 6 ohms; 

M—Amperite No. 112; 

N1—Benjamin Cle-Ra-Tone standard socket; 
N2 and N3—Na-ald De Luxe socket No. 400; 
O—Yaxley open-circuit filament lighting jack; 
P—Gee-Haw vernier dial; 

Q—panel, 7 by 18 inches; 

R—Baseboard 634 by 1634 inches; 

Seven Eby binding posts. 


receivers but it is extremely efficient and 
selective and in addition produces a fine 
tone quality which is due to the quality of 
reproduction obtained in the amplifier. 

It incorporates one great improvement 
over the old four-circuit tuner in that 
both of the condensers are coupled to- 
gether on one shaft in accordance with 
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A VIEW OF THE SET FROM THE REAR 
Ficure 2: This picture diagram shows the general arrangement of all the instruments. 


THE PANEL ARRANGEMENT 


Ficure 3: A front view of the panel ts shown here. The lettering used here, as in 
the other illustrations, corresponds exactly with that in the list of parts. 
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Ficure 4: A picture diagram that gives the connections between the various - 


rectangle represents the baseboard, while the instruments are drawn as nearly as 
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ament: of the r ame The upper r etane T repre ents the panel and the lower 
possible n the pos itio which they walla appea 
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the modern trend towards simplification — 


of tuning. Another improvement is the 
employment of a simple inductance switch 
that does away with many holes in the 
panel and with the hard work of drilling 
them. 

This receiver will be found ' easy to 


operate, and with it the beginner should be | 


able to tring in distant stations on a 
loudspeaker. 

The set operates from a six-volt stor- 
age battery and two 45-volt “B” batteries 
and is, of course, regenerative. However 
the coupling between the oscillating cir- 
cuit and the antenna circuit is so loose 
that radiation is practically eliminated. 

The unit that is described here was 
built and carefully tested in the POPULAR 
Rapto LABORATORY. . 

Take this issue of the magazine to a 
radio store and ask the dealer to supply 
you with the parts necessary to build the 
receiver, which are listed at the head of 
this article. 

Then take the parts home and drill the 
panel Q as shown in Figure 1 which 
gives the size of the panel and the cor- 
rect spacing for all the holes that are 
used to mount the instruments and bind- 
ing posts. 

Next mount the instruments in their 
correct positions on the panel and base- 
board as shown in Figure 2. When this 
is done, wire up the instrument with 
standard round bus wire as indicated in 
Figure 4. 

When vou have finished wiring up, con- 
nect the antenna, ground and batteries to 
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the binding posts in the following man- 
ner: 

Connect the antenna lead wire to bind- 
ing post 1 with the ground wire running 
to binding post 2. Connect the two 45- 
volt “B” batteries in series and connect 
the positive 90-volt terminal to binding 
post 3. Connect the positive 2214-volt 
tap to binding post No. 4. Connect the 
negative terminal of the “B” battery to 
binding post No. 5. . 

Then connect the 6-volt “A” battery 
across binding posts 6 and 7 with the 
positive terminal connected to post No. 6 
and the negative terminal Sonneries: to 
post No. 7. , 

Insert in socket NI a UX-200 detector 
tube and place two UX-201-a tubes in the 
two remaining sockets. Place the loud- 
speaker plug in the jack O and the two 
amplifer tubes should immediately light 
up to the correct brilliancy. 

Finally adjust the rheostat L so that 
the detector tube burns with the correct 
brilliancy and rotate the dial P until the 
stations are picked up. 

The best selectivity and volume will be 
obtained by rotating the inductance switch 
knob K to the right number. 

The correct type of antenna to use 
with this receiver is a single wire or a 
double wire 100 to 150 feet long. 

If the set is built correctly, as shown 
in the diagrams and pictures, the operator 
will find, after he becomes familiar with 
tuning, that he will get good reception on 
the loudspeaker from stations which are 
up to about 1000 miles away. 


A Storage Battery Charger 
That You Can Make at Home 


IN the A pril issue of PopuLaAR Ranio will appear another 
article of the stmpie ‘‘how-to-butld” series. It will describe 
a storage battery charger that may be made at home by even 
an inexperienced radio fan at a cost of only a few dollars. 
This unit will operate directly from the AC lighting lines 
and will provide the experimenter with a reliable means for 
keeping his storage battery fully charged and ready for 

operation at all times. 


The master switch that controls the current of 4300 volts potential he, 
which enters the station from the power plant. It is the only switch 
in the station which is set by hand. 


The New Lord of the Ether 


Some of the unique features of the most pow- 
erful broadcasting station in America—2XAR, 
located at Bound Brook, New Jersey. 


From photographs made by Kadel & Herbert. 
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One of the oscillators of the 50-kilowatt transmitter which make the The upright short-wave 
Bound Brook station one of the most powerful broadcasters. The coiled antenna, half-way up ts 
tubing which supplies water to the huge water-cooled tubes is here shown. the antenna coil. 
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Four of the 64 ten-kilowalt tubes that are used in 
the station. The water-cooling jackets and tubing 
are here shown. 


RADIO 


o» The transformer room where the outside current of 4300 volts potential is reduced to 2300 
volts. One of the two motor generators is shown abore. 


The huge water cooler which cools 100 gallons of 
water a minute. This water is kept constantly in 
circulation, 
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The steel network at the base of one 

of the two 400-foot towers which sup- 

port the antenna. Notice how the 

feet of the tower are insulated from 
the ground. 


A pair of vernier air condensers 
which are used to sharpen the an- 
tenna tuning. They are operated 
automatically by the tiny electric 
motor placed between them. 


Digitized by Google 
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HOW A TRANSMITTING INDUCTANCE IS USED 


The ship's operator in this picture is shown adjusting the variable “pancake” 
inductances of a quenched spark transmitter. 


What “Inductance” Really Is 
Article No. 15- 


Some of the main facts underlying the use of induction 
in modern electrical apparatus and some of the interest- 
ing phenomena that accompany the working of electro- 


static 


and electromagnetic 


induction are told in 


this article. 


By SIR OLIVER LODGE, F.R.S., D.Sc., LI..D. 


‘ST NDUCTION” is a general name 

that was first employed by Faraday 

to indicate any electromagnetic or elec- 

trostatic action across space; that is 

through the ether only, as opposed to 
“conduction” through matter. 

When a charged body is brought near 

a conductor, it is said to act inductively 

on that conductor. If the conductor 1s 

insulated, its potential is thereby raised by 


an amount proportional to the charge and 
inversely as the distance of that charge. 


Electrostatic Induction 


An insulated conductor thus acted upon 
inductively not only has its potential 
raised so that it can give off a spark simi- 
lar in sign to that of the inducing body, 
but it has its own charges redistributed. 
The charge of the opposite sign 1s at- 
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tracted towards the neighborhood of the 
inducing charge and a charge of similar 
sign is repelled, so that it has opposite 
charges at its two ends and is said to be 
polarized. If it is grounded the repelled 
charge escapes and an extra supply of the 
attracted sign is supplied sufficient to neu- 
tralize its potential and reduce it to zero 
in spite of the continued neighborhood of 
the inducing charge. 

For instance, if a positively charged 
sphere is brought into a room, the floor, 
walls, ceiling, tables and all neighboring 
objects are charged inductively and nega- 
tive electricity may be removed from any 
of them. If the hand of an operator is 
brought near the inducing charge that 
hand at once acquires an opposite charge. 

In other words, electrons crowd into it 
from the earth and face the inducing posi- 
tive charge until, if the hand be brought 
near enough and the potential of the in- 
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ducing charge is high enough, the opposite 
charges rush together disruptively, break- 
ing down the insulation of the air and 
causing the momentary evolution of heat 
and light called a spark. 

If instead of a flat surface a pointed 
body is brought near the charge, the elec- 
trons crowding on to that point are able 
to break down the air at a considerable 
distance, giving however not a spark but 
a luminous glow (brush discharge). In 
other words, they electrify the air in the 
immediate neighborhood; which then, no 
doubt, moves towards the charged body 
and rapidly discharges it. In this way, 
what is called “an electric wind” (ion- 
ization) may be produced, which may 
drive a small paper-mill, or by its action 
on the point may propel that backwards, 
if it is free to move. 

When an elongated insulated conductor 
is subjected to induction and then broken 
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A CONTINUOUSLY VARIABLE INDUCTANCE 


The apparatus shown in this illustration is called a variometer. 


It consists of two coils 


of wire—an outer coil and an inner coil which is rotatable in inductive relation to the 
outer one. It is used in this case for transmitting. 
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Courtesy ef Joseph G. Brand 


POPULAR RADIO 


THE TESLA-OUDIN INDUCTANCES 


This apparatus also makes use of electromagnetic induction. The brushing discharge 
shown around the glass bulbs of the bent wires is produced by the use of the phenom- 
enon known as induction. 


fn half or separated (by previous arrange- 
ment) into two portions, one half will be 
charged negatively, while the other half 
will be charged positively. 

The two charges may be separated to 
any distance by what might be called 
“convection,” though this term is more 
usually applied to the automatic carrying 
of charges by the atoms of matter, instead 
of to their artificial conveyance by hand 
or other means of locomotion. 


Magnetic Induction 
When one end of a long magnet, that 


is to say a magnetic pole, is brought near 
a piece of iron it too is acted on induc- 
tively and is said to be polarized... _ 

If, for instance, the .wu.u.ing pole is a 
north pole the piece of iron will have a 
south pole at the near end and a north 
pole at the far end. But if it is now 
broken in half these poles cannot be sep- 
arated. New poles appear at the break 
and each half is a complete magnet. And 
the same will occur for as many pieces 
as are broken off. | 

This is an important distinction be- 
tween magnetism and electricity. It may 


WHAT “INDUCTANCE” REALLY IS 


be said that whereas electric lines of force 
terminate on conductors, one end being 
positive, and the other end negative, mag- 
netic lines of force never terminate but 
are always closed curves. However, when 
‘they quit the air and enter iron or steel, 
the change in what is called “magnetic 
permeability” or more simply, the change 
of material, causes poles to appear at the 
boundary. And these poles appear wher- 
ever there is a boundary. 

Moreover, there is no ordinary conduc- 
tion for magnetism, as there is for elec- 
tricity, and a magnet cannot be discharged 
by touching it. Steel magnets may be 
magnetized by induction, and if the steel 
is hard they will retain the magnetism im- 
parted. That is to say, the material does 
not allow the lines of force produced in it 
to subside again. A portion may subside 
but a portion is retained. 

_ The retained portion is called “perma- 
nent magnetism.” 
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Electricity may be conveyed from one 
body to another by conduction, but mag- 
netism can only be transmitted by induc- 
tion and the two opposite poles can never 
be separated. The poles of every magnet 
are equal in strength; though if they are 
of different size, one may be more con- 
centrated than the other. 

All the lines of force from every por- 
tion of the north pole curve round to a 
corresponding portion of the south pole 
and then continue through the steel or 
iron completing the magnetic circuit. 
Such a circuit is sometimes called “open” 
—meaning that it has an air-gap; in the 
case of a bar magnet a wide and diffuse 
air-gap. It may be technically closed, or 
short circuited, by a piece of iron or 
“keeper” so that the stray field in the air 
can be reduced to insignificance. But all 
magnetic circuits are really closed in one 
material or another. 

The same statement may be made for 


It can, however, be got rid of in sev- 4#‘current” electricity, for when a current 


eral ways. It partly subsides if the steel 
is rapped violently, as by the blows of a 
hammer. It also subsides to some extent 
with the lapse of time. It diminishes also 
if the steel is heated: at a certain tempera- 
ture it disappears altogether. At a red- 
heat iron becomes insusceptible to mag- 


netism. Nickel loses its susceptibility at a 


much lewer-terperature. Cobalt retains 
it to a white-heat. 

Concerning the nature and cause of 
these differences, and indeed the reason 
for the susceptibility of iron and other 
magnetic substances, some progress has 
been made, but there is much still to be 
discovered. At present, in an elementary 
ti.. + ~- must ascertain and accept 
the facts. hard steel is not easily mag- 
netized; but when it is magnetized it 
remains in a magnetized state, especially 
if the bar is long and thin. A short stout 
bar is quite unsuitable for a permanent 
magnet. If sucha bar magnet is wanted, 
it should be made of thin bars separately 
magnetized and then riveted or clamped 
together. 


flows it must flow in a complete circuit. 
But if a dielectric or insulator is inter- 
posed in that circuit, then the circuit is 


completed, not by conduction, but by elec- 


tric displacement. That is, it is com- 
pleted in an elastic manner like the 


stretching of a membrane across a pipe, 


which would be displaced by the flow of 
water until it either bursts or stops the 
flow and causes an elastic recoil or dis- 
charge. That is just what happens in a 
condenser, though the displacement is not 
of a mechanical and obvious kind. The 
electric flow is checked and driven back 
again when the propelling force is re- 
moved and the external metallic circuit 
completed. 

Some dielectrics are much more easily 
“burst” than others. Glass, bakelite, 
hard rubber and even liquid insulators, 
such as oil are able to stand a considerable 
strain. Air is burst more easily. Induc- 


tion always precedes a spark; and it is 


electrostatic induction which chiefly oper- 
ates in condensers as against electro- 
magnetic induction in transformers. 
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Broadcasting Stations in the U. S. 


Call Ware- 

Letters Location length 
KDKA East Pittsburg, ra, 309.1 
KOLR = Devils Lake, N. D 231 
KDYL =e Salt Lake City, Utah 246 
KDZB Bakersfield, Cal. 209.7 
KFAB Lincoln, Neb. 340.7 
KFAD = Phoenix, Ariz 273 
KFAF San Jose, Cal. 217.3 
KFAJ Boulder, Col. 261 
KFAU Boise, Ida 282.8 | 
KFBB Havre, Mont. 275 
KFBC San Diego, Cal. 224 
KFBK Sacramento, Cal. 248 
KFBL Everett, Wash. 224 
KFBS —s Trinidad, Col. 238 
KFBU Laramie, Wyo. 270 
KFCB Phoenix, Ariz. 238 
KFCF Walla Walla, Wash. 256 
KFDO Boise, Ida 278 
KFDJ Corvallis, Ore. 282.8 
KFDM Beaumont, Tex. 315.6 
KFDX = Shreveport, La. 250 
KFDY Brookings. 8. D. 273 
KFDZ Minneapolis, Minn. 231 
KFEC — Portland. Ore. 248 
KFEL Denver, Col. 254 
KFE Oak, Neb. 268 
KFE Kellogg, Ida. 233 
KFFP Moberly, Mo. 242 
KFGH = Stanford University, Cal. 270 
KFGQ Boone, Ia. 226 
KFH Wichita, Kan. 268 
KFHA Gunnison, Col. 252 
KFHL Oskaloosa, la. 240 
KFI Los Angeles, Cal. 468.5 | 
KFIF Portland, Ore. 248 
KFIO Spokane, Wash. 266 
KFI Yakima, Wash 256 
KFI Juneau, Alaska 226 
KFIZ Fondulac, Wis. 273 
KF JB Marshalltown, Ia. 248 
KFJC Junction City, Kan. 218.8 
KF JF Oklahoma City, Okla. 261 
KF JI Astoria, Ore. 246 
KFJM = Grand Forks, N. D. 278 
KFJR — Portland. Ore. 263 
KFJY Fort Dodge, Ia. 246 
KFJZ Fort Worth, Tex. 254 
KFKA Greeley, Col. 273 
KFKU Lawrence, Kan. 275 
KFKX Hastings, Neb. 288.3 
KFKZ Kirksville, Mo. 226 
KFLR Albuquerque, N. M. 254 
KFLU — San Benito, Tex. 236 
KFLV Rockford, Il. 229 
KFLX Galveston, Tex. 240 
KFLZ Anita, Ia. 273 
KFM Fay etteville, Ark. 299.8 
KFM Sioux City, Ia. 261 
KFMW Houghton, Mich. 263 
KFMX Northfield, Minn. 336.9 
KFNF Shenandoah, Ia. 263 
KFOA Seattle, Wash. 454.3 
KFOB Burlingame, Cal. 226 | 
KFOJ Moberly, Mo. 242 
KFON Long Beach, Cal. 233 
KFOO Salt Lake City, Utah 236 
KFOR David City, Neb. 226 
KFOT Wichita, Kan. 231 
KFOX Omaha, Neb, 248 
KFOY Ñt. Paul, Minn. 252 
KFPL Dublin, Tex. 252 
KFPM = Greenville, Tex. 242 
KFPR Los Angeles, Cal. 231 
KFPW Carterville, Mo. 258 
KFPY Spokane, Wash. 266 
KFQA St. Louis, Mo. 261 
KFQB Fort Worth, Tex. 263 
KFQP = Iowa City, Ia. 22 
KFQU Holy City, Cal. 217.3 
KFQW North Bend, Wash. 215.7 
KFQZ Hollywood, Cal. 226 
KFRB Beeville, Tex. 248 
KFRC San Francisco, Cal. 268 
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(Corrected as of January 20, 1926) 
Waw- Call 
Location length Letters 
AGRICULTURAL COL., N. D. 275 WPAK 
AKRON, O. 958 WADC 
ALBUQUERQUE, N. M. 954 KFLR 
ALBUQUEROUE, N. M. 250 KFVY 
ALLENTOWN, PA. 254 WCBA 
ALLENTOWN, PA. 229. WSAN 
ALTOONA, PA. 278 WFBG 
AMARILLO, TEX. 263 WDAG 
AMES, IA. 2370 WOI 
ANDERSON, IND. 248 WEBD 
ANDERSON, IND. 218.8 WHBU 
ANITA, IA. 273 KFLZ 
ASHEVILLE, N. C. 254 WABC 
ASTORIA, ORE. 246 KFJI 
ATLANTA, GA. 270 WDBE 
ATLANTA, GA. 970 WGT 
ATLANTA, GA. 428.3 WSB 
ATLANTIC CITY, N. J. 275 WHAR 
ATLANTIC CITY, N. J. 299.8 WPG 
AUBURN, ALA. 248 WAPI 
AUSTIN, TEX. 931 KUT 
AVALON, CAL. 911.1 KFWO 
BAKERSFIELD, CAL. 299.7 KDZB 
BALTIMORE, MD. 216 WBAL 
BALTIMORE, MD. 275 WCAO 
BALTIMORE, MD. 2299 WCBM 
BALTIMORE, MD. 254 WFBR 
BANGOR, ME. 210 WABI 
BATAVIA, ILL. 735 WORD 
BAY CITY, MICH. 261 WSKC 
BAY SHORE, N. Y. 915.7 WRST 
BEAUMONT, TEX. 313.6 KFDM 
BEAUMONT, TEX. 27 KEXM 
BEEVILLE, TEX. 218 KERB 
BELLEFONTAINE, O. 2:2 WHBD 
BELOIT, WIS. 268 WERW 
BERKELEY, CAL. 258 KRE 
BERRIEN SPRINGS, MICH. 285.5 WEMC 
BIG BEAR LAKE, CAL. 202.6 KFXB 
BIRMINGHAM, ALA. 218. WBRKC 
BISMARCK, N. D. 248 KFYR 
BOISE, IDA. 282.8 KFAU 
BOISE, IDA. 278 KFEDD 
BOONE, IA. 926 KFGQ 
BOSTON, MASS. 242 WBZA 
i BOSTON, MASS. 261 WDBR 
BOSTON, MASS. 348.6 WEEI 
BOSTON, MASS. 250 WNAB 
BOSTON, MASS. 980.2 WNAC 
BOULDER, COL. 261 KFAJ 
BRISTOW, OKLA. 374.8 KVOO 
BROOKINGS, $. D. 273 KFDY 
BROOKLYN, N. Y. 205.4 WFRL 
BROWNSVILLE, TEX. 978 KWWG 
BUFFALO, N. Y. 244 WEBR 
BUFFALO, N. Y. 319 WGR 
BUFFALO. N. Y. 218.8 WJIBP 
BURLINGAME, CAL. 226 KFOB 
BURLINGTON, IA. 254 WIAS 
BURLINGTON, VT. 250 WCAX 
CAMBRIDGE, ILL. 242 WTAP 
CAMBRIDGE, O. 234 WEBE 
CAMDEN, N. J. 236 WFBI 
CAMP LAKE, WIS. 31 WCLO 
CANTON, N. Y. 363 WCAD 
CANTON. O. 254 WHBC 
CAMP GIRARDEAU, MO. 224 KFVS 
CARTERVILLE, MO. 258 KFPW 
CARTHAGE, ILL. 236 WTAD 
CAZENOVIA, N. Y. 275 WMAC 
CEDAR RAPIDS, IA. 278 KWCR 
CEDAR RAPIDS, JA. 258 WJAM 
CHARLESTON, S. C. 268 WBBIY 
CHARLOTTE, N. C. 275 WBT 
CHARLOTTE, N.C. 224 WJBG 
CHATTANOOGA, TENN. 956 WDOD 
CHICAGO, ILL. 535.4 KYW 
CHICAGO, ILL. 978. WAAF 
CHICAGO, ILL. 926 WBBM 
CHICAGO, ILL. - 915.7 WBBZ 
CHICAGO. ILL. 215 =| WBCN 
CHICAGO, ILL. 370.2 WEBH 
CHICAGO, ILL. 266 WENR 


Wave- 


length Location 


202.6 Big Bear Lake, Cal. 
202.6 Elizabeth, N. J. 
202.6 Evanston, Ill. 
205.4 Brooklyn, N.Y. 
205.4 Flagstaff Aris. 
205.4 Logan, Utah 

205.4 Oxnard. Cal. 


206.8 Joliet, Hl. 
206.8 Oakland, Cal. 


208.2 Los Angeles, Cal. 
299.7 Bakersfield, Cal. 
209.7 Chicago, Iii. 

New Bedford, Maes. 
209.7 New York, N. Y. 
209.7 Providence, R. I. 

7 Santa Maria, Cal. 

i Avalon, Cal. 


wisbur , Pa. 


212.8 Richmond Hill, N. Y. 
212.8 Washington, D. C. 
214.2 Joliet, Ill. 

214.2 Joliet. IIL 

214.2 Oklahoma City, Okla. 
214.2 St. Louis, Mo 
215.7 Bay Shore, N. Y. 
215.7 Chicago, Ill. 

215.7 Chicago, Ill. 

215.7 Chicago, Ill. 

215.7 Chicago, Ill. 

215.7 Denver, Col. 

215. li Harrisburg, Pa. 
215.7 Logans napori la: lah 
215.7 North Bend, W 

215.7 Philadelphia, eae 
217.3 Chicago, Il. 

217.3 Holy City, Cal. 
217.3 Homewood, Ill. 
217.3 San Jose, Cal. 
218.8 Anderson, Ind. 
218.8 Buffalo, N. Y. 
218.8 Flushing, N. Y. 
218.8 Junction City, ae 
218.8 Manhattan, 

218.8 Olymnia, Wash. -~ 
218.8 yh Bank, N.J. 
220 gans ort, a 
220 Dae 

220 Parkerburg. Pa, 
220 San Francisco, Cal. 
222 Bellefonaice, Q. 
222 Culver, I 

222 Elkins Park Pa. 
222 Norfolk, Va. 

222 Poynette, Wis. 

222 Rock Island, Ill. 
222 Bt. Petersburg, Fla. 
222 Takoma Park, Md. 
224 Cape Girardeau, Mo. 
224 Charlotte, N.C. 
224 Everett, Wash. 
224 Iowa City, Ia. 

224 Laconia, N. H. 

224 Monmouth, Il. 

224 Ogden, Utah 

224 Paterson, N. J. 
224 San Diego, Cal. 
226 Boone, Ia. 

226 Burlingame, Cal. 
228 Chicago, He 

226 Sees a 

226 Davi City. “Nob. 
228 Harrisburg, Il. 

226 Hollywood, Cal. 
228 Juneau. Alaska 
226 = Kirksville, Mo. 
226 Nashville, Tenn. 


BROADCAST STATIONS IN THE UNITED STATES 
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Call Ware- Ware- Call Wa- Call 
Letters Location length Location length Lettera | lengt Location Lettera 
KFRU Columbia, Mo. 499.7 | CHICAGO, ILL. 217.3 WFKB | 226 New York, N. Y. WEBL 
KFRW Olympia, Wash. 218.8 | CHICAGO, ILL. 302.8 WGN 226 New York, N. Y. WEBM 
KFSG Los Angeles, Cal. 275 CHICAGO, ILL. 233 WHBM | 228 = Seymour, Ind. WFBE 
KFUL Galveston, Tex. 258 CHICAGO, ILL 215.7 WIBJ 226 South San Francisco, Cal. KFWI 
KFUO St. Louis, Mo. 545.1 | CHICAGO, ILL. 215.7 WIBM | 227 Beaumont, Tex. FXM 
KFUP Denver, Col. 234 CHICAGO, ILL. 225 WIBO | 227 Cleveland, O. WDBK 
KFUR Ogden, Utah 224 CHICAGO, ILL. 215.7 WKBG | 227 Fort Wayne. Ind. WOWO 
KFUS Oakland, Cal. 256 CHICAGO, ILL. 258 WLTS | 227 Welcome, Minn. FVN 
KFUT Salt Lake City, Utah 261 CHICAGO, ILL. 447.5 WMAQ | 229 Allentown, Pa. WSAN 
KFUU Oakland, Cal. 220 CHICAGO, ILL. 250 WMBB | 229 Baltimore, Md. WCBM 
KFVD San Pedro Cal. 205.4 | CHICAGO, ILL. 258 WPCC | 229 Clay Center, Neb. KMMJ 
KFVE St. Louis, Mo. 240 | CHICAGO, ILL. 417.5 WQJ |229 Grove City, Pa. WSAJ 
KFVG Independence, Kan. 236 CHICAGO, ILL. 258 WSAX | 229 Marshfield, Wis. WGBR 
KFVH Manhattan, Kan. 218.8 | CHICAGO, ILL. 209.7 WSBC 229 Pasadena, Cal. KPPC 
KFVI Houston, Ter. 240 CHICKASHA, OKLA. 252 KOCW | 229 Richmond, Va.” WBBL 
KFVN Welcome, Minn. 227 CHICO, CAL. 254 KFWH 229 Roanoke, Va. WDBJ 
KFVR Denver, Col. 244 CINCINNATI, O. 258 WAAD , 229 Rockford, M. KFLV 
KFVS Cape Girardeau, Mo. 224 CINCINNATI, O. 4223 WKRC 229 Taunton, Mass. WAIT 
KFVW San Diego, Cal. 246 CLARINDA, IA. 212) KSO 231 = Austin, Tex. KUT 
KFVY Albuquerque, N. M. 250 CLAY CENTER, NEB. 229 KMMJ | 231 Camp Lake, Wis. WCLO 
KFWA Ogden, Utah 261 CLEARWATER, FLA. 266 WGHB | 231 Devils Lake, N. D. KDLR 
KFWB = Hollywood, Cal. 252 CLEVELAND, Ò. 27 WDBK | 231 Ellsworth, Me. WHBK 
KFWC Upland, Cal. 211.1 | CLEVELAND, O. 389.4 WEAR | 231 Harrisburg, Pa. WHBG 
KFWF St. Louis, Mo. 214.2 | CLEVELAND, O. 273 WHK 231 Los Angeles, Cal. KFPR 
KFWH Chico, Cal. 254 CLEVELAND, O. 389.4 WTAM 231 Minneapolis. Minn. KFDZ 
KFWI South San Francisco, Cal. 226 COLDWATER, MISS. 254 WREC 231 Montgomery, Ala. WIBZ 
KFWM Oakland. Cal. 206.8 | COLLEGE STATION, TEX. 27 WTAW 231 San Jose, Cal. KOW 
KFwO Avalon, Cal. 211.1 | COLLEGEVILLE, MINN. 236 WFBJ 231 Streator, ni. WTAX 
KFWU Pineville, Le. 238 COLORADO SPRINGS, COL. 250 KFXF 231 0 Webster, Masa, WKBE 
KFWY Portland, Ore. 212.6 | COLUMBIA, MO. 499.7 KFRU | 231 Wichita. Kan. KFOT 
Big Bear Lake, Cal. 202.6 | COLUMBUS, O. 293.9 WAIU | 231 Wilkes-Barre, Pa. WBRE 
KFXC Santa Maria, Cal. 209.7 | COLUMBUS, O. 293.9 WEAO + 233 Chieago, IN. WHBM 
KFXD  Locan, Utah 205.4 | COLUMBUS, O. 978 WMAN 233 _— Kellogg, Ida. KFEY 
KFXF Colorado Springs, Col. 250 CORVALLIS, ORE. 282.8 KFDJ 233 Kingston, N. Y. WDBZ 
sts PU oath ae COUNCIL BLUFFS, IA. 78 APN, ; a Tong peor Cal. SIA 
nver, Col. 15.7 WDWFH ? Memphis, Tenn. 
KFXM Beaumont, Tex. 227 | CRANSTON, R. I. 440.9; WISI 233 New York, N. Y. WOKO 
KFXR = Oklahce ma City, Okla. 214.2 | CRETE, ILL. 344.6 WLS 233 St. Louis, Mo. KMOX 
KFXY Flagstaff, Aris. 205.4 | CULVER, IND. 222 WHBH | 233 Ypsilanti, Mich. WJBK 
KFYF = Oxnard, Cal. 205.4 | DALLAS, TEX. 475.9 WFAA 234 Cambridge, O. WEBE 
KFY) = Houston, Tex. 238 DALLAS, TEX. 246 WRR 234 Denver, Col. KFUP 
KFYR Bismark, N. D. 248 | DARTMOUTH, MASS. 440.9 WMAF 234 Flint, Mich. WFDF 
KGO — Oa'land, Cal. 361.2 | DAVENPORT, IA. 483.6 WOC 234 Forty Wayne, Ind. WHBJ 
KGTT San Francisco, Cal. 234 DAVID CITY, NEB. 226 KFOR 234 Fresno, Cal. KMJ 
KGU Honolulu, Hawaii 270 DAYTON, O. 275 WSMK | 234 La Salle. m. WJIBC 
KGW Portland, Ore. 491.5 | DEARBORN, MICH. 266 WWI 234 Philadelphia, Pa. WFBD 
KGY cey, Wash. 246 | DECATUR, ÍLL. 270 WBAO |234 Providence, R. I. WGBM 
KHJ Los Angeles, Cal. 405.2 | DECATUR, ILL. 270 WJIBL | 234 San Francisco, Cal. KGTT 
KH Spokane, Wash. 273 DEERFIELD, ILL. 238 WHT 236 Camden, N.J. WFBI 
KJBS San Franciseo, Cal. 220 | DENVER, COL. 254 KEEL | 236 Carthage, Ill. _ WTAD 
KJR ‘Seattle, Wash. 384.4 | DENVER, COL. 234 KFUP 236 Collegeville, Minn. WF BJ 
KLODS Independence, Mo. 440.9 | DENVER, COL. 244 KEVR |238 Evansville, Ind. WGBF 
KLS Oakland, Cal. 250 ! DENVER, COL. 215.7 KFXJ | 236 Independence, Kan. KFVG 
KLX Oakland, Cal. 508.2 | DENVER, COL. 266 KLZ 236 Kansas City, Mo. KWKC 
KLZ Denver, Col. 266 DENVER, COL. 322.4 KOA 236 Madison, Wis. WIBA 
KMA = Shenandoah, Ia. 252 | DES MOINES, IA. 526 WHO |236 Nashville, Tenn. WCB 
KMJ Fresno, Cal. 234 DETROIT, MICH. 270 WGHP | 236 New York, N. Y. WRM 
KMMJ Clay Center, Neb. 229 | DETROIT, MICH. 256 WMBC ' 236 Richmond Hill, N. Y. WBO 
KMO Tacoma, Wash. 250 DETROIT, MICH. 352.7 WWJ 236 Richmond Hill, N. Y. WGM 
KMOX St. Louis, Mo. 233 DEVIL'S LAKE, N. D. 231 KDUR | 236 Salt Lake City, Utah KFOO 
KMTR Los Angeles, Cal. 238 | DUBLIN, TEX. 252 KFPL | 236 San Benito, Tex. KFLU 
KNRC Los Angeles. Cal. 208.2 | EAST LANSING, MICH. 285.5 WKAR 238 Deerfield, II. WHT 
KNX Hollywood, Cal. 336.9 | EAST PITTSBURG, PA. 309.1 KDKA 238 Houston, Tex. KFYJ 
KOA — Denver, Col. 322.4 | ELGIN, ILL. 975 WCEE , 238 Los Angeles, Cal. KMTR 
KOB — State College, N. M. 348.6 | ELGIN, ILL. 302.8 WLIB ' 238 Petoskey, Mich. WBBP 
KOCH Omaha, Neb. 258 ELIZABETH, N. J. 202.6 WIBS ; 238+ Phoenix, Aris. KFCB 
KOCW Chickasha, Okla. 252 ELKINS PARK, PA. 2292 WIBG | 238 Pineville, La. KFWU 
KOIL — Council Bluffs, Ia. 278 | ELLSWORTH, ME. 231 WHBK | 238 Reading. Pa. WRAW 
KPO San Francisco, Cal. 428.3 | EL PASO, TEX. 242 KFXH 238 St. Petersburg, Fla. WHBN 
KPPC Pasadena, Cal. 229 EL PASO, TEX. 268 WDAH | 238 Trinidad, Col. KFRBS 
KPRC Houston, Tex. 296.9 | ESCANABA, MICH. 256 WRAK | 240 Bangor, Me. WABI 
Pasadena, Cal. 315.6 | EVANSTON, ILL. 202.6 WEHS | 240 Galveston, Tex. KF LX 
KQP Portland, Ore. 212.6 | EVANSVILLE, IND. 236 WGBF | 240 Houston, Tex. KFVI 
KQV — Pittsburg, Pa. 275 | EVERETT, WASH. 994 KFBL | 240 New York, N. Y. WHAP 
KOW n Jose, Cal. 231 | FALL RIVER, MASS. 254 WSAR 240 Oakland, Cal. KTAB 
RE Berkeley, Cal. 256 FALL RIVER, MASS. 266 WTAB 240 Oakland, Cal. KZM 
KSAC Manhattan, Kan. 340.7 | FARGO, N. D. 261 WDAY | 240 Oskaloosa, Is. KFHL 
KSD St. Louis, Mo. 545.1 | FAYETTEVILLE, ARK. 2998 KFM 240 Owosso, Mich. WSM H 
KSL Salt Lake City, Utah 299.8 | FLAGSTAFF, ARIZ. 205.4 KFX 240 Rapid City. S. D. WCAT 
K8O Clarinda, Ia. 242 | FLINT, MICH. 234 WEDF | 240 St. Louis, Mo. KFVE 
KTAB Oakland, Cal. 240 FLUSHING, N. Y. 218.8 WIBI 240 Scranton. Pa. WGBI 
KTBI Los Angeles, Cal. 293.9 | FONDULAC, WIS. 27 KFIZ 240 Trenton, N. J. WOAX 
Portland. Ore. 263 FORT DODGE, IA. 246 KFJY | 240 Winter Park, Fla. WDBO 
KTCL Seattle, Wash. 305.9 | FORT WAYNE, IND. 234 WHBJ 242 Boston, Mass. WBZA 
KTHS Hot Springs, Ark. 374.8 | FORT WAYNE, IND. 227 WOWO | 242 Cambridge, IU. WTAP 
KTNT Muscatine, fa. 256 | FORT WORTH, TEX. 254 KFJZ | 242 Clarinda Ta. KSO 
KTW Seattle, Wash. 454.3 | FORT WORTH, TEX. 263 = KFQB 242 El Paso, Tex. KFXH 
KUO — San Francisco, Cal. 250 | FORT WORTH, TEX. 475.9 WBAP | 242 Grand Rapids, Mich. WEBK 


238 POPULAR RADIO 

Call Ware- Ware- Call Ware- Call 
Letters Location length Location length Letters | length Location Letters 
KUOM " Missoula, Mont. 244 | FREEPORT, N. Y. 244 WGBB | 242 Greenville, Tex. KFPM 
KUSD Vermillion, 8. D. 278 | FRESNO, CAL. 234 KMJ |242 Moberly, Mo. KFFJ 
KUT Austin, Tex. 231 FULFORD-BY-THE-SEA, FLA. 278 WGBU | 242 Moberly, Mo. KFOP 
KVOO Bristow, Okla. 374.8 | GALESBURG, ILL. 254 WFBZ | 242 Oxford, Miss. WCHH 
KWCR Cedar Rapids, Ia. 278 | GALESBURG, ILL. 244 WRAM | 242 Philadelphia, Pa. WABY 
KWG Stockton, Cal. 248 | GALVESTON, TEX. 240 KFLX |242 Plainfield, Ill. WWAE 
KWKC Kansas City, Mo. 236 | GALVESTON, TEX. 258 KFUL |242 Superior, Wis. WEBS 
KWKH Kennonwood, La. 961 | GLOUCESTER CITY, N. J. 268 WRAX |244 Buffalo, N. Y. WEBR 
KWSC Pullman, Wash. 348.6 | GRAND FORKS, N. D. 278 KFJM | 244 Denver, Col. KFVR 
KWWG Brownsville, Tex. 278 GRAND RAPIDS, MICH. 256 WBDC | 244 Freeport, N. Y. WGBB 
KYW Chicago, Ill. 535.4 | GRAND RAPIDS, MICH. 242 WEBK | 244 Galesburg, IN. WRAM 
KZM_ Oakland, Cal. 240 | GREELEY, COL. 273 KFKA |244 Minneapolis, Minn. WAMD 
WAAD Cincin 0. 258 GREENTOWN, IND. 254 WJAK | 244 Misoula, Mont. KUOM 
WAAF Chicago, ail. 278 GREENVILLE, TEX. 242 KFPM | 244 Pomeroy, O. WsaZ 
WAAW Omaha, Neb. 278 | GROVE CITY, PA. 229 WSAJ | 244 Yankton, S. D. WNAX 
WABC Asheville, N. C. 254 | GUNNISON, COL. 252 KFHA |246 Anderson, Ind. WEBD 
WABI Bangor. Me. 240 HAMILTON, O. 270 WRK 246 = Astoria, Ore. KFJI 
WABO Rochester, N Y. 278 HAMILTON, O. 252 WSRO | 248 Baltimore, Md. WBAL 
WABQ Haverford, Pa. 261 | HANOVER, N. H. 256 WDCH | 248 Dallas. Tex. WRR 
WABR Toledo, O. 263 | HARRISBURG, ILL. 226 WEBQ |248 Fort Dodge, Ia. KFJY 
WABW Wooster, O. 206.8 | HARRISBURG, PA. 275 WBAK |248 Lacey, Wash KGY 
WABX Mt. Clemens. Mich. 246 | HARRISBURG, PA. 231 WHBG | 246° Milwaukee, Wis. WSOE 
WABY Philadelphia, Pa. 242 | HARRISBURG, PA. 215.7 WPRG | 248 Mt. Clemens, Mich. WABX 
WABZ New Orleans, La. 75 | HARRISON, O. 422.3 WLW | 246 Salt Lake City, Utah KDYL 
WADC Akron, 0. ; 258 HARTFORD, CONN. 475.9 WTIC | 248 San Diego, Cal. KFVW 
WAFD_ Port Huron, Mich. 275 HASTINGS, NEB. 288.3 KŁKX | 246 Springfield, Vt. WQAE 
WAGM Royal Oak. Mich. 258 | HAVERFORD, PA. 261 WABQ | 248 Weirton, W. Va. WIBR 
WAHG Richmond Hill, N. Y. 315.6 | HAVRE, MONT. 275 KFBB |243 Auburn, Ala. WAPI 
WAIT Taunton. Mass. 229 | HOBOKEN, N. J. 340.7 WMCA | 243 Beeville, Tex. KFRB 
WAIU Columbus. O. 293.9 | HOLLYWOOD, CAL. 226 KFQZ |248 Birmingham, Ala. WBRC 
WAMD Minneapolis, Minn. 244 | HOLLYWOOD, CAL. 252 KFWB |248 Bismark, N. D. KFYR 
WAPI = Auburn, Ala. 248 | HOLLYWOOD, CAL. 336.9 KNX |248 Johnstown, Pa. WGBK 
WARC Medford, Mass. 261 HOLY CITY, GAL. 217.3 KFQU | 248 Lancaster, Pa. WGAL 
WBAA West Lafayette, Ind. 273. | HOMEWOOD, ILL. 217.3 WOK | 248 Marshalltown, Ia. KFJB 
WBAK Harrisburg, Pa. 275 | HONOLULU, HAWAII 270 KGU 248 New Bedford, Mass. WNBH 
WBAL Baltimore. Md. 246 | HOT SPRINGS, ARK. 374.8 KTHS | 248 Omaha. Neb. KFOX 
WBAO Decatur, Il. 270 HOUGHTON, MICH. 263 KFMW | 248 Portland, Ore. KFEC 
WBAP Fort Worth, Tex. 475.9 | HOUGHTON, MICH. 263 WWAO , 248 Portland, Ore. KFIF 
WBAX Wilkes-Barre, Pa. 256 | HOUSTON, TEX. 240 KFVI | 248 Sacramento, Cal. KFBK 
WBBL Richmond, Va. 229 | HOUSTON, TEX. 238 KFYJ |248 St.Louis, Mo. WEW 
WBBM Chicago, Ill. 22 HOUSTON, TEX 298.9 KPRC | 248 St. Louis, Mo. WMAY 
WBBP Petoskey, Mich. 238 INDEPENDENCE, KAN. 238 KFVG ! 248 Springfield, O. wes 
WBBR Rossville, 273 INDEPENDENCE, M 440.9 KLDS «+ 248 Stockton, Cal. KWG 
WBBS New Orleans, La. 252 | INDIANAPOLIS, IND. 268 WFBM | 248 West Palm Beach, Fla. WI0D 
WBBW Norfolk, Va. 222 IOWA CITY, IA. 224 KFQP | 250 Albuquerque, N. M. KFVY 
WBBY = Charleston, S. C. 268 IOWA CITY, IA. 483.6 WSUI 250 Boston, Mase. WNAB 
WBBZ Chicago, Ill. 215.7 | ITHACA, N. Y. 254 WEAI 250 Burlington. Vt. wcsax 
WBCN Chicago, Ill. 266 JACKSONVILLE, FLA. 336.9 WJAX | 250 Chicago, I. WMBB 
WBDC Grand Rapids, Mich. 256 | JAMESTOWN, N. Y. 275 WOCL | 250 Colorado Springs, Col. KFXF 
WBES Takoma Park, Md. 222 | JEFFERSON CITY, MO. 440.9 WOS | 250 Knoxville, Tenn. WFBC 
WBNY New York. N. Y. 200.7 | JOHNSTOWN, PA. 256 WHBP | 250 Oakland, Cal. KLS 
WBOQ Richmond Hill, N. Y. 236 | JOHNSTOWN, PA. 248 WGBK | 250 Oak Park, Ill. WGES 
WBRC Birmingham, Ala. 248 | JOHNSTOWN, PA. 268 WTAC | 250 OilCity, Pa. WHBA 
WBRE Wilkes-Barre, Pa. 231 JOLIET, ILL. 214.2 WCLS | 250 Philadelphia, Pa. WIAB 
WBT — Charlotte, N. C. 275 | JOLIET, ILL. 206.8 WJBA | 250 Philadelphia, Pa. WNAT 
WBZ Springfield. Mass. 333.1 | JOLIET, ILL. 2142 WKBB | 250 Philadelphia, Pa. WWAD 
WBZA Boston, Mass. 242 JUNCTION CITY, KAN. 218.8 KFJC 250 San Francisco, Cal. KUO 
WCAC Mansfield. Conn. 275 | JUNEAU, ALASKA 226 KFIU | 250 Scranton, Pa. WQAN 
WCAD Canton, N, Y. 263 | KANSAS CITY, MO. 236 KWKC | 250 Shreveport, La. KFDX 
WCAE Pittsburg, Pa. 461.3 | KANSAS CITY, MO. 365.6 WDAF | 250 Tacoma, Wash. KMO 
WCAJ University Place, Neb. 254 | KANSAS CITY, MO. 365.6 WHB | 250 Tulsa, Okla. VLAL 
WCAL Northfield, Minn. 336.9 | KANSAS CITY, MO. 278 WOQ |252 Chickasha, Okla. KOCW 
WCAO Baltimore, Md. 275 | KELLOGG, IDA. 233 KFEY | 252 Dublin, Tex. KFPL 
WCAP Washington, D. C. 468.5 | KENNONWOOD, LA. 261 KWKH |252 Gunnison, Col. KFHA 
WCAR San Antonio, Tex. 263 | KINGSTON, N. Y. 233 WDBZ |252 Hamilton, O. WSRO 
WCAT Rapid City, S. D. 240 | KIRKSVILLE, MO. 226 KFKZ |252 Hollywood, Cal, KFWB 
WCAU Philadelphia. Pa. 278 | KNOXVILLE, TENN. 250 WFBC |252 Minneapolis, Minn. WRHM 
WCAX Burlington, Vt. 250 | KNOXVILLE, TENN. 268 WNOX | 252 Newark, N.J. NJ 
WCBA Allentown, Pa. 254 | LACEY, WASH. 246 KGY | 252 Newark, N.J. ` WGCP 
WCBD Zion, M. 344.6 | LACONIA, N. H. 224 WKAV |252 New Orleans, La. WBBS 
WCBE New Orleans, La. 263 | LAMBERTVILLE, N. J. 261 WTAZ |252 Orono, Me. WGBX 
WCBH Oxford, Miss. 242 | LANCASTER, PA. 258 WDBC |252 Raleigh, N. C. WRCO 
WCBM Baltimore, Md. 229 | LANCASTER, PA. 248 WGAL | 252 St. Paul, Minn. KFOY 
WCB Nashville, Tenn. 236 LANSING, MICH. 285.5 WREO | 252 Shenandoah, Ia. KMA 
WCBR Providence, R. I. 205.4 | LAPORTE, IND. 224 WRAF | 252 Syracuse, N. Y L 
WCCO St. Paul-Minneapotis, Minn.416.4 | LARAMIE, WYO. 270 KFBU |252 Toledo, Ô. WTAL 
WCEE Elgin, Il. 275 | LA SALLE, ILL. 934 WJBC | 254 Alburquerque, N. M. KFLR 
WCLO Camp Lake, Wis. 231 | LAWRENCE, KAN. 275 KFKU |254 Allentown, Pa. LA 
WCLS Joliet, IN. 214.2 | LAWRENCEBURG, TENN. 282.8 WOAN | 254 Asheville, N. C. WABC 
WCSH Portland, Me. 256 | LEWISBURG, PA. 211.1 WJBQ | 254 Baltimore, Md. WFBR 
WCSO Springfield, O. 248 | LINCOLN, NEB. 340.7 KFAB , 254 Burlington, Ia. Lip 
WCWS Providence, R. I. 209.7 | LINCOLN, NEB. 275 WFAV |254 Canton, O. wub 
WCX Pontiac, Mich. 516.9 | LOCKPORT, N. Y. 266 WMAK | 254 Chico, Cal. KES 
WDAD Nashville, Tenn. 226 | LOGAN, UTAH 205.4 KFXD |254 Coldwater, Miss. WR 
WDAE Tampa, Fla. 273 | LOGANSPORT, IND. 215.7 WHBL |254 Denver, Col. KFEL 
WDAF Kansas City, Mo. 365.6 | LOGANSPORT, IND. 220 WIBW |254 Fall River. Mass. W 
WDAG Amarillo, Tex. 263 | LONG BEACH, CAL. 233 KFON |254 Fort Worth, Tex. KFJ A 
WDAH El Paso, Tex. 268 | LOS ANGELES, CAL. 468.5 KFI 254 Galesburg, Ill. WFB 
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Location 


Fargo, N. D. 
Lancaster, Pa. 
Atlanta, Ga. 
Roanoke, Va. 
Cleveland, O. 
Winter Park, Fla. 
Boston, Mass. 
Kingston, N. Y. 
Hanover, N. H. 
Chattanooga, Tenn. 
New Haven. Conn. 
Cranston, R. I. 
Tuscola, Il. 

New York, N. Y. 
Ithaca, N. Y. 
North Plainfield, N. J. 
Providence, R. I. 
Columbus, O. 
Cleveland, O. 

Sioux City, Ia. 
Superior, Wis. 
Anderson, Tod, 
Cambridge 

Chicago, io 

New York, N. Y. 
Grand Rapids, Mich. 
New York, N. Y. 
New York, N. Y. 
Harrisburg, Ill. 
Buffalo, N. Y. 
Beloit, ia? 


Boston, Ma 
Evanston, ni. 

Berrien Springs, Mich. 
Chicago, Ill 


St. Cloud, Minn. 
Lincoln, Neb. 
Knoxville, Tenn. 
Philadelphia, Pa. 
Seymour, Ind 
Altoona, Pa. 


Collegeville, Minn. 
Syracuse, 
Indianapolis, Ind. 
Baltimore, Md. 
Galesburg, Ill. 
Flint, Mich. 
Philadelphia, Pa. 
Chicago 


Freeport, N. Y. 
Memphis, Tenn. 
Evansville, Ind. 
Scranton, Pa. 


Oak Park, Il). 
Clearwater. Fla. 
Detroit, Mich. 
Richmond Hill, N. Y. 
Chicago, 
Buffalo, N. Y. 
Atlanta, Ga. 
Schenectad 
Madison, 
Milwaukee, Wis. 
Rochester, N. Y. 
New York, N. Ka 
Atlantic we 


Oil City, Pa. 
Canton, O. 


Location 


LOS ANGELES, CAL. 
LOS ANGELES, CAL. 
LOS ANGELES. CAL. 
LOS ANGELES, CAL. 
LOS ANGELES. CAL. 
LOS ANGELES. CAL. 
LOUISVILLE, KY. 
LOUISVILLE, KY. 
MACON, GA. 
MADISON, WIS. 
MADISON, WIS. 
MANHATTAN, KAN. 
MANHATTAN, KAN. 
MANSFIELD, CONN. 
MARSHFIELD, WIS. 
MARSHALLTOWN, IA. 
MASON 

MEDFORD: MASS. 
MEMPHIS, TENN. 
MEMPHIS, TENN. 
MEMPHIS, TENN. 
MIAMI, FLA. 

MIAMI BEACH, FLA. 
MILWAUKEE, WIS. 


MINNEAPOLIS, 
MINNEAPOLIS, MINN. 
MISSOULA, MONT 


NEW ORL , LA. 
NEW ORLEANS, LA. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NcW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, N. Y. 
NEW YORK, + Y. 


NEW YORK. N. Y. 
NORFOLK, NEB. 


| NORFOLK, VA. 


NORTH BEND, WASH. 
NORTHFIELD, MINN. 
NORTHFIELD, MINN. 


es eee N. J. 
, OAK 


OAKLAND. CAL. 
OAKLAND, CAL. 
OAKLAND, CAL. 
OAKLAND, CAL. 
OAKLAND, CAL. 


Call Wave Call 
Letters Length Location Letters 
KFPR 254 = Greentown. Ind. WJAK 
KFSG 254 Ithaca, N Y. WEAI 
KHJ 254 Norman, Okla. WNAD 
KMTR | 254 co, Wis. WTAQ 
KNRC | 254 &t. Petersburg, Fla. WJBB 
KTBI 254 University Place, Neb. WCAJ 
WHAS | 256 Berkley, Cal. KRE 
WLAP | 256 Chattanooga. Tenn, WDOD 
WMAZ | 256 Detroit, Mich. WMBC 
WHA 256 = Escanaba, Mich. WRAK 
WIRA” | 256 Grand Rapids, Mich. WBDC 
KFVH | 256 Hanover. . WDCH 
KSAC 256 Johnstown, Ps. WHBP 
WCAC | 226 Muscatine, Ia. KTNT 
WGBR | 256 Oakland, Cal. KFUS 
KFJB 256 Portland, Me. WCSH 
Wsal 258 Richmond, Va. WRVA 
WARC | 256 Sveamore, Ill. WIBN 
WGBC | 256 Walla Walla, Wash. KFCF 
WHBQ | 2&6 Washington, D. C. WRHE 
WMC 256 Wilkes-Barre, Pa. WBAX 
WQAM | 256 Yakima, Wash. KFIQ 
WMBF ! 258 Akron, O. WADC 
WHAD | 258 Carterville. Mo. KFPW 
WKAF | 258 Chicago, Il. WLTS 
WSOE | 258 Chicago, Il. WPCC 
KFDZ | 258 Cincinnati, O. WAAD 
WAMD | 258 Galveston, Tex. KFUL 
WHAT | 258 Lancaster, Pa. WDBC 
WHDI | 258 New York, N. Y. WRNY 
WRHM | 258 Omaha, Neb. KOCH 
KUOM ; 258 Omaha, Neb. WNAL 
KFFP 258 Rochester, N. Y. WHEC 
KFOJ 258 Royal Oak. Mich. WAGM 
WIBZ 261 Bay City, Mich. WSKC 
WJJD 261 Boston, Mass. WDBR 
WABX | 261 Boulder, Co. KFAJ 
WJAZ 261 Fargo, N. D. WDAY 
KTNT | 261 Haverford, Pa. wae 
WCBQ | 261 Kennonwood, La. KWK 
WDA 261 Lambertville, N. J. WTAZ 
WSM 261 acon, Ga WMAZ 
WFEPI 261 Medford, Mass. WARC 
WGCP | 281 Milwaukee, Wis. WKAF 
WNJ 261 Norfolk, Va. WTAR 
WOR 261 North Plainfield, N.J. WEAM 
WIBH 261 Ogden, Utah KFWA 
WNBH | 261 Oklahoma City, Okla. KFJF 
WDRC | 281 St. Louis, Mo. KESA 
WJBO | 281 Salt Lake City, Utah KF 
WABZ | 261 Sioux City, Is KFMR 
WBBS | 281 State College, Pa. 

WCBE | 283 Amarillo, Tex. WDAG 
WOWL | 263 Canton, WCAD 
WSMB | 263 Fort Worth, Tex. QB 
WWL 263 Houghton, Mich. KFMW 
WBNY | 263 Houghton, Mich. WWAO 
WEAF | 263 Miami, Fla. WQAM 
WEBJ | 263 Minneapolis, Minn. AT 
WEBL | 263 Newark, N.J. WEPI 
WEBM | 263 New Orleans, La. WCBE 
WFBH 263 New York, N. Y. WSDA 
WGBS | 2863 Portland, Ore. KTBR 
WHAP | 263 Portland, Ore. KFJR 
WHN 263 San Antonis, Tex. WCAR 
WJY 263 Savannah, Ga WEBZ 
WIZ 263 Shee la. KFNF 
WLWL | 263 Toledo, WABR 
WNYt | 263 Yellow Swings, 0. WRAV 
WOKO | 266 Chicago, Ill. WBCN 
WQAO | 266 Chicago. Ill. WENR 
WRMU | 266 Clearwater. Fla. WGHB 
WRNY 266 Dearborn, Mich. WWI 
WSDA 288 Denver, Col. KLZ 
WJAG 268 Fall River, Mass. WTAB 
WBBW | 266 Lockport, N. Y. WMAK 
WTAR 268 = Spokane, Wash. KFIO 
WNAD , 266 Spokane, Waan. KFPY 
KFQW | 266 Wilmington, Del. WHAV 
KFMX | 268 Beloit, Wis. WEBW 
WCAL : 268 Cedar Rapids, Ia. WJAM 
WEAM | 268 Charleston, S. C. WBBY 
KFE 268 Chicago, Ill. WSAX 
KFU 288 El Paso, Tex. WDAH 
KFUS | 268 Gloucester City, N.J. WRAX 
KFWM ' 268 Indianapolis, Ind. WFBM 
KGO | 268 Johnstown, Pa. WTAC 
KLS | 268 Knoxville, Tenn. WNOX 


240 POPULAR RADIO 
Call Wave- Ware- Call Ware Call 
Letters Location length Location length Letters | Length Location Lettere 
WHBD Bellefontaine O. 222 OAKLAND, CAL. 508.2 KLX 268 New Haven, Conn. WDRC 
WHBF Rock Island. Ill. 222 OAKLAND, CAL. 240 KTAB | 288 New Orleans, La. WJBO 
WH Harrisburg, Pa 231 OAKLAND, CAL 240 KZM 268 Oak, Neb. KFE 
WHBH Culver, Ind. 222 OAK PARK, ILL. 250 WGES | 268 San Francisco, Cal. KFR 
WHBJ Fort Wayne, Ind. 234 OGDEN, UTAH 224 KFUR | 263 Wichita, Kan. KFH 
WHBK Ellsworth, Me. 231 OGDEN, UTAH 261 KFWA | 268 Worcester, Maas. WTAG 
WHBL Logansport, Ind. 215.7 | OIL CITY. PA. WHBA | 270 = Ames, la. WOI 
WHBM Chicago, Il. 233 OKLAHOMA CITY. OKLA. 261 KFJF 270 Atlanta, Ga. WDBE 
WHBN St. Petersburg, Fla. 238 OKLAHOMA CITY, OKLA. 214.2 KFXR | 270 Atlanta. Ga. WGsT 
WHBP Johnstown, P 256 OKLAHOMA CITY, OKLA. 275 WKY 270 College Station; Tex. WTaw 
WHBQ Memphis, Tenn. 233 | OLYMPIA, WASH. 218.8 KFRW | 270 Decatur, I WBAO 
WHBU Anderson, Ind. 218.8 AHA, NEB. 248 KFOX | 270 Decatur, ii WJBL 
WHBW Philadelphia, Pa. 215.7 | OMAHA, NEB. 258 KOCH | 270 Detroit, Mich. WGHP 
WHDI Minneapolis, Minn. 278 OMAHA, NEB. 278 WAAW | 270 Hamilton, O. K 
WHEC Rochester, N. Y. 258 | OMAHA, NEB. 258 WNAL | 270 Honolulu, Hawaii KGU 
WHK = Cleveland, O. 273 OMAHA, NEB. 526 WOAW | 270 Laramie, Wyo. KFBU 
WHN New York, N. Y. 361.2 | ORONO, ME. 252 WGBX | 270 New Orleans, La. WOWL 
WHO Des Moines, la. 526 OSKALOOSA, IA. 240 KFHL |270 Norfolk, Neb. WJAG 
WHT Deerfield, Il. 238 OSSEO, wis. 254 WTA 270 Providence, R. I. VEA? 
WIAD Philadelphia, Pa. 250 | OWOSSO, MICH. 240 WSMH | 270 Stanford University, Cal. KFGH 
WIAS Burlington, Ia. 254 OXFORD, MISS. 242 WCBH | 273 Anita, Ia. KFLZ 
WIBA — Madison, Wis. 236 OXNARD, CAL. 205.4 KFYF | 273 Brooking, 8. D. KFDY 
WIBC St. Petersburg, Fla. 222 PARKESBURG, PA. 220 WQAA | 273 Cleveland, O. WHK 
WIBG Elkins Park, 222 PASADENA, CÀL. 229 KPPC 273 Fondulac, Wis. KFIZ 
WIBH New Bedford, Mass. 209.7 PASADENA, CAL. 315.6 KPSN 273 Greeley, Col. KFKA 
WIBI Flushing, N. Y. 218.8 PATERSON, N. J. 24 WODA | 273 New York, N. Y. WFBH 
WIBJ Chicago, II. 215.7 PETOSKEY, MICH. 238 WBBP | 273 New York, N. Y. WEBJ 
WIBM Chicago, II. 215.7 PHILADELPHIA, PA. 942 WABY | 273 Phoenix, Ariz. KFAD 
WIBO Chicago, II. 226 PHILADELPHIA, PA. 278 WCAU | 2733 Roæsville, N.Y. WBBR 
WIBR Weirton, W. Va. 246 PHILADELPHIA, PA. 234 WFBD | 273 St. Cloud, Minn. WFAM 
WIBS Elizabeth, N. J. 202.6 | PHILADELPHIA, PA. 394.5 WFI 273 St. Louis, Mo. WIL 
WIBU Poynette, Wis. 222 PHILADELPHIA, PA. 215.7 WHBW | 273 Be Louis, Mo. WSBF 
WIBW Logansport, Ind. 220 PHILADELPHIA, PA. 250 WIAD | 273 kane, Wash. KHQ 
WIBX Utica, N. Y. 205.4 | PHILADELPHIA, PA. 508.2 WIP 273 ampa, Fla. WDAE 
WIBZ = Montgomery, Ala. 231 | PHILADELPHIA, PA. 304.5 WLIT_ | 273 Tarrytown, N. Y. WRW 
WIL St. Louis, Mo 7 PHILADELPHIA, PA. 250 WNAT | 273 rbana, Hil. WRM 
WIOD West Palm Beach, Fla. 248 PHILADELPHIA, PA.. 508.2 WOO 273 West J.afayette, Ind. WBAA 
WIP Philadelphia, Pa. 508.2 | PHILADELPHIA, PA. 250 WWAD | 275 Agricultural College, N.D. TE 
WJAD Waco, Tex. 352.7 | PHOENIX, ARIZ. 273 KFAD |275 Atlantic City, N.J. HAR 
WJAG Norfolk, Neb. 270 PHOENIX, ARIZ. 238 KFCB | 275 Baltimore. Md. WCAG 
WJAK Greentown, Ind. 254 PINEVILLE, LA 238 KFWU | 275 Batavia. Ill. WORD 
WJAM Cedar Rapids, la. 268 PITTSBURG, i. 275 KQV 275 Cazenovia, WMAC 
WJAR Providence, R. L 305.9 PITTSBURG, PA. 461.3 WCAE | 275 Charlotte N. K WBT 
WJAS Pittsburg, Pa. 275 PITTSBURG, PA. 275 WJAS 1275 Dayton, WSNME 
WJAX = Jacksonville, Fla, 336.9 | PLAINFIELD, ILL. 242 WWAE | 275 Elgin, Til, WCEE 
WJAZ Mount Prospect, Ill. 322.4 | POMEROY, O. 244 WSAZ |275 Harrisburg, Fa. WBAK 
WJBB St. Petersburg, Fla. 254 , ’ WCX 275 Jamestown, N. Y. WocCL 
WJBC La Salle, II. 234 PORT HURON, MICH. 275 WAFD | 275 Lawrence, Kan. KFRU 
WJBG = Charlotte, N. C. 224 PORTLAND, ME. 256 WCSH | 278 Lincoln, Neb. WFAV 
WJBi Red Bank, N. J. 218.8 PORTLAND, ORE. 248 KFEC |275 Los Angeles, Cal. KFSG 
WJBK Ypsilanti, Mich. 233 PORTLAND, ORE, 248 KFIF 275 Louisville, Ky. WLAP 
WJBL = Decatur, I 27 PORTLAND, ORE. 263 KFJR 275 Mansfield, Conn. WCAC 
WJBN Sycamore, IN. 256 PORTLAND, ORE. 212.6 KFWV | 275 Milwaukee. Wis. WHAD 
WJBO New Orleans, La. 268 PORTLAND, ORE. 491.5 KGW 275 New Orleans, La. WABZ 
WJBP Buffalo, N. Y. 218.8 | PORTLAND, ORE. 212.6 KOT 275 New Orleans, La. WWL 
WJBQ Lewisburg, Pa. 211.1 | PORTLAND, ORE. 263 BR |275 Oklahoma City, Okla. WKY 
WJJD  Mooseheart, II. 370.2 | POYNETTE, Mo 222 WIBU 275 Pittsburg, Pa KQV 
WJR Pontiac, Mich. 516.9 PROVIDENCE, Jt. 205.4 WCBR | 275 Pittsburg, Pa. WJAS 
WIJY New York, N. Y. 405.2 | PROVIDENCE, R: I. 209.7 WCWS | 275 Port Huron, Mich. WAFD 
WIZ New York, N. Y. 454.3 | PROVIDENCE, R. I. 270 WEAN | 275 Sioux City, Ia. WEAU 
WKAF Milwaukee, Wis. 261 PROVIDENCE, R.I. 234 WGBM | 275 South Bend, Ind. WSBT 
WKAQ San Juan, P.R. 340.7 | PROVIDENCE, R. |. 305.9 WIAR | 278 Altoona, Pa. WFBG 
WKAR East Lansing, Mich, 285.5 |.PULLMAN, WASH. 348.6 KWSC | 278 Boise, Ida. KFDD 
WKAV Laconia, N. H. 224 RALEIGH, N. C. 252 WRCO | 278 Brownsville, Tex. KWWG 
WKBB Joliet, Ill. 214.2 | RAPID CITY, S. D. 240 WCAT | 278 Cedar Rapids, la. KWCR 
WKBE W ebster, Mass. 231 READING, PA. 238 WRAW | 278 Chicago, IN. WAAF 
WKBG Chicago, Ill. 215.7 | RED BANK, N. J. 218.8 WJBI 278 Columbus, O. WMAN 
WKRC Cincinnati, 0. 422.3 | RICHMOND HILL, N. Y 315.6 WAHG | 278 Couneil Bluffs, Ta. KOIL 
WKY Oklahoma City, Okla, 275 | RICHMOND HILL, N. Y 236 WROQ 278 Fulford-by-the-Sea, Fla. WGRU 
WLAL Tulsa, Okla. 250 1 RICHMOND HILL, N.Y 236 WGMU | 278 Grand Forks, N. D. KFJM 
WLAP Louisville, Ky. 275 | RICHMOND HILL, N. Y 212.6 WWGL | 278 Kansas City, Mo. WQ 
WLBL Stevens Point, Wis. 278 | RICHMOND, VA. 229 WBBL | 278 Memphis, Tenn. WGBC 
WLIB Elgin, Hl. | 302.8 | RICHMOND, VA, 256 WRVA | 278 Minneapolis, Minn. WHDI 
WLIT — Philadelphia, Pa. 391.5 | ROANOKE, VA. 229 WDBJ | 278 Omaha, Neb. WAAW 
WLS Crete, Ill. 344.6 ROCHESTER, N. Y. 278 WABO | 278 Philadelphia. Pa. WCAU 
WLSI Cranston, R. I. 440.9 ' ROCHESTER, N. Y. 278 WHAM | 278 Rochester, N. Y. WABO 
WLTS Chicago, Il. 258 ROCHESTER, N. Y. 258 WHEC | 278 Rochester, N. Y. WHAM 
WLW Harrison, O. 422.3 | ROCKFORD, ILL. 229 KFLV | 278 Stevens Point, Wis. WLBL 
WLWL New York, N. Y. 288.3 | ROCK ISLAND, ILL. 222 WHBF | 278 Tuscola, IN. WDzZ 
WMAC Cazenovia, N. Y. 275 | ROSSVILLE, N. Y. 273 WBBR | 278 Valparaiso, Ind. WRBC 
WMAF Dartmouth, Mass. 440.9 | ROYAL OAK, MICH. 258 WAGM | 278 Vermillion, S. D. KUSD 
WMAK Lockport, N. Y. 266 SACRAMENTO, CAL. 248 KFBK | 280.2 Boston. Mass. WNAC 
WMAL Washington, D. C. 212.6 | ST. CLOUD, MINN. 273. WFAM | 282.8 Boise, Ida. KFAU 
WMAN Columbus, O, 278 ST. LOUIS, MO. 261 KFQA | 282.2 Corvallis, Ore. KFDJ 
WMAQ Chicago, Ill. 447.5 | ST. LOUIS, MO. 545.1 KEUO | 282.8 Lawrenceburg, Tenn. = WOAN 
WMAY St. Louis, Mo. 248 ST. LOUIS, MO. 210 KFVE | 222.8 Nashville, Tenn. WsM 
WMAZ Macon, Ga. 261 ST. LOUIS, MO. 214.2 KFWF i 285.5 Berrien Springs, Mich. WMC 


tThis station is operated under two call signs. 
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“all Ware- Waw- Call Ware Call 
elre Location length Location length Letlers | Length Location Letters 
NMBB Chicago, III. 250 | ST. LOUIS, MO. 233 KMOX | 285.8 East Lansing, Mich. WKAR 
NMBC Detroit, Mich. 256 ST. LOUIS, MO. 545.1 KSD 285.5 Lansing, Mich. WREO 
NMBF Miami Beach, Fla. 384.4 | ST. LOUIS, MO. 248 WEW | 288.3 New York, N. Y. WLWL 
WMC Memphis, Tenn. 499.7 | ST. LOUIS, MO. 27 WIL 288.3 Hastings, Neb. KFKX 
NMCA Hoboken. N.J. 340.7 | ST. LOUIS, MO. 248 WMAY | 293.9 Columbus, O. WAIU 
NNAB Boston, Masa. 250 | ST. LOUIS, MO. 273 WSBF | 293.9 Columbus, O. WEAO 
NNAC Boston, Mass. 280.2 | ST. PAUL, MINN. 252 KFOY | 293.9 Los Angeles, Cal. KTBI 
WNAD Norman, Okla. 254 T. PAUL-MINNEAP., MINN. 416.4 WCCO | 296.9 Houston, Tex. KPRC 
WNAL Omaha, Neb. 258 | ST. PETFRSBURG, FLA. 38 WHBN | 299.8 Atlantic City, N.J. WPG 
KNAT Philadelphia, Pa. 250 T. PETERSBURG, FLA. 222 WIBC | 299.8 Fayetteville, Ark. KFMQ 
NNAX Yankton, S. D. 244 ST. PETERSBURG, FLA 254 WJBB 299.8 Salt Lake City, Utah KSL 
NNBH New Bedford, Masse. 248 SALT LAKE CITY, UTAH 246 KDYL | 302.8 Chicago, ILL WGN 
NNJ Newark, N.J. 252 | SALT LAKE CITY, UTAH 236 KFOO | 302.8 Elgin, IN. ` WLIB 
WNOX Knoxville, Tenn. 268 | SALT LAKE CITY, UTAH 261 KFUT | 305.9 Providence, R. I. WJAR 
NNYC New York, N.Y. 526 | SALT LAKE CITY, UTAH 299.8 KSL 305.9 Seattle, Wash. KTCL 
WOAIL San Antonia, Tex. 394.5 | SAN ANTONIO, TEX. 263 WCAR | 309.1 East Pittsburg, Pa. KDKA 
NOAN Lawrenceburg, Tenn. 282.8 | SAN ANTONIO, TEX. 394.5 WOAI | 315.6 Beaumont, Tex. KFDM 
NOAW Omaha, Neb. 526 | SAN BENITO, TEX. 236 KFLU | 315.8 New York, N. Y. WGBS 
NOAX Trenton, N.J. 240 | SAN DIEGO, CAL. 224 KFBC | 315.6 Pasadena, Cal. KPSN 
WOC Davenport, Ia. 483.6 | SAN DIEGO, CAL. 246 KFVW | 315.6 Richmond Hill, N. Y. WAHQ 
NOCL Jamestown, N. Y. 275 | SAN FRANCISCO, CAL. 268 KFRC |319 Bufalo, N. Y. WGR 
NODA Paterson, N. J 224 | SAN FRANCISCO, CAL. 234 KGTT + 319 New Orleans, La. WSMB 
VOI Ames, Ia. 270 | SAN FRANCISCO, CAL. 220 KJBS ` | 322.4 Denver, Col. KOA 
NOK Homewood, IN 217.3 | SAN FRANCISCO, CAL. 428.3 KPO 322.4 Mt. Prospect, Ill. WJAZ 
WOKO New York, N. Y. 233 SAN FRANCISCO, CAL. 2 KUO 325.9 Mason. O. WSAI 
WOO Philadelpmia, Pa. 508.2 | SAN JOSE, CAL. 217.3 KFAF | 331.1 Springfield, Mags. WBZ 
NOQ Kansas City, Mo. 278 | SAN JOSE, CAL. 231 KQW | 336.9 Hollywood, Cal. KNX 
NO Newark, N. J. 405.2 | SAN JUAN, P. R. 340.7 WKAQ | 336.9 Jacksonville, Fla. WJAX 
NORD Batavia, Ill. 275 | SAN PEDRO, CAL. 205.4 KFVD | 336.9 Northfield, Minn. KFMX 
NOS Jefferson City, Mo. 440.9 | SANTA MARIA, CAL. 209.7 KFXC | 336.9 Northfield, Minn. WCAL 
NOWL New Orleans, La. 270 | SAVANNAH, GA 263 WEBZ | 340.7 Hoboken, N.J. WMCA 
NOWO Fort Wayne, Ind. 227 | SCHENECTADY, N. Y. 379.5 WGY | 340.7 Lincoln, Neb. KFAB 
NPAK Agricultural College, N. D. 275 SCRANTON, PA 240 WGBI | 340.7 Manhattan Kan. KSAC 
NPCC Chicago, Ill. 258 SCRANTON, PA 250 WQAN ' 340.7 San Juan, P. R. WKAQ 
WPG Atlantic City, N. J. 299.8 | SEATTLE, WASH 454.3 KFOA | 344.6 Crete, II. LS 
"PRC Harrisburgh, Pa. - 215.7 | SEATTLE, WASH. 384.4 KJR 344.6 Zion, Il. WCBD 
NPSC State College, Pa. 261 SEATTLE, WASH 305.9 KTCL | 348.6 Boston, Mass. WEEI 
NQAA Parkesburg, Pa. 220 SEATTLE, WASH. 454.3 KTW 348.6 Pullman, Wash. KWSC 
NOAE Springfield, Vt. 246 | SEYMOUR, IND. 226 WFBE | 348.6 State College, N. M. KOB 
NOAM Miami, Fla. 263 | SHENANDOAH, IA. 28683 KFNF | 352.7 Detroit, Mich. WWJ 
NOAN Scranton, Pa. 250 SHENANDOAH, IA. 252 KMA 352.7 Waco, Tex. WJAD 
"QAO New York, N. Y. 361.2 | SHREVEPORT, LA. 250 KFOX | 361.2 New York, N. Y. WHN 
VOJ Chicago, Til, 447.5 | SIOUX CITY, fA. 261 KFMR | 361.2 New York, N. Y. WQAO 
VRAF porte, Ind. 224 SIOUX CITY, IA 2:15 WEAU | 361.2 Oakland, Cal. KGO 
VRAK Escanaba, Mich. 256 | SOUTH BEND, IND. 275 WSBT | 365.6 Kansas City, Mo. WDAF 
VRAM Galesburg, Ill. 244 | SOUTH SAN FRANCISCO, CAL. 226 KFWI | 365.6 Kansas City, Mo. WHB 
WRAV Yellow Springs, O. 263 | SPOKANE, WASH. 266 KFIO | 370.2 Chicago, Ill. WEBH 
VRAW Reading, Pa. 238 | SPOKANE, WASH. 266 KFPY | 370.2 Mooseheart, T. WJJD 
VRAX Gloucester City, N. J. 268 | SPOKANE, WASH. 273 KH 374.8 Bristow, Okla. KVOO 
NRBO Valparaiso, Ind. 278 SPRINGFIELD, MASS. 333.1 WB 374.8 Hot Springs, Ark. KTHS 
WRC = Washington, D. C. 408.5 | SPRINGFIELD, O. 248 WCSO | 379.5 Schenectady, N. Y. WGY 
WRCO Raleigh, N. C. 252 | SPRINGFIELD, VT. 246 WQAE | 379.5 Troy, N. Y. WHAZ 
WREC Coldwater, Miss. 254 | STANFORD UNIVERSITY, CAL. 270 KFGH | 384.4 Miami Beach, Fla. WMBF 
WEO Lensing, Mich. 285.5 | STATE COLLEGE, N. M. 348.6 KOB 384.4 Seattle, Wash. KJR 
VRHF Washington, D. C. 256 | STATE COLLEGE, PA. 261 WPSC | 389.4 Cleveland, O. WEAR 
VRHM Minneapolis, Minn. 252 | STEVENS POINT, WIS. 278 WLBL | 389.4 Cleveland, O. WTAM 
WRK Hamilton, O. 270 | STOCKTON, CAL. 248 KWG | 394.5 Philadelphia, Pa. WFI 
VRM Urbana, Il, 273 STREATOR, ILL. 231 WTAX | 394.5 Philadelphia, Pa. WLIT 
VRMU New York, N. Y. 236 SUPERIOR, WIS. 242 WEBC | 394.5 San Antonia, Tex. WOAI 
VRNY New York, N. Y. 258 | SYCAMORE, ILL. 256 WJBN | 399.8 Louisville, Ky. WHAS 
VRR_ Dallas, Tex. 246 | SYRACUSE, N. Y. 252 WFBL | 405.2 Los Angeles, Cal. KHJ 
VRST Bay Shore, N. Y. 215.7 | TACOMA, WASH. 250 KMO | 405.2 Newark, N. J. WOR 
VWRVA Richmond, Va. 256 | TACOMA PARK, MD. 222 WBES ! 405.2 New York, N. Y. WJY 
VRW Tarrytown, N. Y. 273 TAMPA, FLA. 273 WDAE | 416.4 St.Paul-Minneapolis, Minn. WCCC 
WSAL Mason, O. 25.9 | TARRYTOWN, N. Y. 273 WRW | 422.3 Cincinnati, O. WKRC 
VSAJ Grove City. Pa. 229 TAUNTON, MASS. 229 WAIT | 422.3 Harrison, O. WLW 
ISAN Allentown, Pa. 229 | TOLEDO, 253 WABR | 428.3 Atlanta, Ga. WSB 
ISAR Fall River, Mass. 254 TOLEDO, O. 252 WTAL | 428.3 San Francisco, Cal. KPO 
SAX Chicago, Il. 268 | TRENTON, N. J. 240 WOAX | 440.9 Cranston. R.I fa DWI 
ISAZ = Pomeroy, O. 244 | TRINIDAD, COL. 238 KFBS dies ane es WLAI 
ISB Atlanta, Ga. 428.3 , TROY, N. Y 379.5 WHAZ | 440.9 Dartmouth, Mass. WMAF 
ISBC Chicago, IN. 209.7 | TULSA, OKLA. 250 WLAL | 440.9 Independence, Mo. KLDS 
‘SBF Bt, Louis, Mo. 273 | TUSCOLA, ILL. 278 WDZ 440.9 Jefferson City, Mo. WOS 
ISBT = South Bend, Ind. 275 | UNIVERSITY PLACE, NEB. 254 WCAJ | 447.5 Chicago, II. WMAQ 
ISDA New York, N. Y. 263 | UPLAND, CAL. 211.1 KFWC | 447.5 Chicago, II. WQJ 
ISKC Bay City, Mich. 261 | URBANA, ILL. 273. WRM | 454.3 New York, N. Y. WIZ 
‘SM Nashville. Tenn. 282.8 | UTICA, N. Y. 205.4 WIBX | 454.3 Seattle, Wash. KTW 
SMB New Orleans, La. 319 | VALPARAISO, IND. 278 WRBC | 454.3 Seattle, Wash. KFOA 
ISMH Owosso, Mich. 240 | VERMILLION. S. D. 278 KUSD | 461.3 Pittsburg, Pa. WCAE 
ISMK Dayton, O. 275 | WACO, TEX. 352.7 WJAD | 468.5 Los Angeles, Cal. KFI ` 
‘SOE Milwaukee, Wis. 246 | WALLA WALLA, WASH. 256 KECF | 468.5 Washington, D. C. WCAP 
SRO Hamilton, O. 252 | WASHINGTON, D. C. 468.5 WCAP | 468.5 Washington, D. C. WRC 
SUI Towa City, Ia. 483.6 | WASHINGTON, D. C. 212.6 WMAL | 475.9 Dallas, Tex. WEAA 
TAB Fall River, Masa. 2060 | WASHINGTON, D. C. 468.5 WRC 475.9 Fort Worth, Tex. WBAP 
TAC Johnstown, Pa. 268 WASHINGTON, D. C. 256 WRHF | 475.9 Hartford, Conn. WTIC 
TAD Carthage, II. 236 | WEBSTER, MASS. 231 WKBE | 483.6 Davenport, la. WoC 
TAG Worcester, Mass. 268 ' WEIRTON, W. VA. 246 WIBR | 483.6 lowa City, Ia. WSUI 
MTAL Toledo, O. 252 | WELCOME, MINN. 227 KFVN ' 491.5 New York, N. Y. WEAF 


POPULAR RADIO 


242 
Call Warte- 
Letters Location length Location 
WTAM § Cleveland, O. 389.4 | WEST LAFAYETTE, IND. 
WTAP Cambridge, Ill. 242 WEST PALM BEACH, FLA. 
WTA Osseo, Wis. 254 WICHITA, KAN. 
WTA Norfolk, Va. 261 WICHITA, KAN. 

~. WTAW College Station, Tex. 270 WILKES-BARRE, PA. 
WTAX Streator, Ill. 231 WILKES-BARRE. PA. 
WTAZ Lambertville, N. J. 261 WILMINGTON, DEL. 
WTIC Hartford, Conn. 475.9 | WINTER PARK, FLA. 
WWAD Philadelphia Pa. 250 WOOSTER 
WWAE Plainfield, lil. 242 WORCESTER, MASS. 
WWAO Houghton, Mich. 263 YAKIMA, WASH. 
WWGL Richmond Hill, N. Y. 212.6 YANKTON, Ss. 
wwi Dearborn, Mich. 266 YELLOW SPRINGS, 0. 
WWJ Detroit, Mich. 352.7 | YPSILANTI, MICH. 
WWL — New Orleans, La. 275 ZION, ILL. 


Ware- Call Ware Cali 
length Letters | Length Location Letters 
273 WBAA | 491.6 Portland, Ore. KGW 
248 WIOD | 499.7 Columbia, Mo. AKFRU 
231 KFOT | 490.7 Memphis, Tenn. WMC 
268 KFH 608.2 Oakland, Cal. KLX 
256 WBAX | 508.2 Philadelphia, Pa. WIP 
a) Were 608.2 Philadelphia, Pa. bas 
2 HAV : . CIRE 
240 WDBO 516.9 Pontiac, Mich. Wek 
206.8 WABW | 526 Des Moines, Ia. WHO 
268 WTAG | 528 New York, N. Y. WNYC 
256 KFIQ 626 Omaha, Neb. WoAaw 
244 WNAX | 535.4 Chicago, ll. KYW 
263 WRAV | 535.4 Madison, Wis. WHA 
233 WJBK | 545.1 St. Louis, Mo. KFLO 
344.6 WCBD | 545.1 St. Louis, Mo. KSD 


tThis station is operated under two call signs. 


NOTE TO BROADCAST LISTENERS: The above list of broadcasting 
stations will be brought up to dute und the changes will hereafter be pub- 
lished in each number of POPULAR Raplo. 
with and murk the alterations upon it as they are printed in succeeding 


issues. 


Preserve the list given here- 


53 Sources of Interference 


In the Receiver Itself or in the 
Apparatus Connected to it: 


1 


From Apparatus in 


3. 
4. 
5. 
6. 
1 
8 
9 
0 


1. An improperly tuned receiver. 
2. 


A loose connection in the receiver or 
broken wires in the headphone or loud- 
speaker cord. 

A defective grid leak. 

A defective tuning condenser—a momen- 
tary shorting of condenser plates. 

A fixed condenser with defective insula- 
tion. 

Discharged or weak batteries. 


. Loose connections at the batteries. 
. “B” battery eliminators; (in the electro- 


lytic type under certain conditions), 


. A bad socket. 
. A bad tube. 


the Same 


House with the Receiver—or 
in a Neighbor’s House: 


11. 
12. 


13. 
14. 
15. 
16. 
17. 
18. 
19. 


20. 
21. 


Vacuum cleaners. 
Sewing machine motors or any commu- 


'tator motor. 


A violet-ray machine. 

Ozonators. 

Door bells and buzzers. 

Switching of lamps or other electrical de- 
vices. 

Electrical heating pads with thermostat 
control. 

Oil burners that use spark ignition; (cer- 
tain types). 

Washing machines with split-phase type 
of motor—if the starting switch is de- 
fective. 

Battery chargers of the vibrating type. 
Battery chargers of the electrolytic type; 
(under certain conditions). 


22. 
23. 
24. 


Elevator controllers and motors of the 
commutator type. 

Bad contact in switch, fuse, socket, or 
other device. 

Hum caused by having radio receiver or 
its wiring near lighting wires. 


From Outside Sources: 


25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 


33. 
34. 
J3. 
36. 


37. 
38. 


39. 
40. 
41. 
42. 
43. 
44. 
45. 


46. 
47. 


48. 
49. 
50. 
SI. 
Fda 
53. 


Atmospheric static. 

Regenerative receivers. 

Sign flashers. 

Commercial wireless (code) stations. 
Amateur wireless stations. 

Induction coils. 

Electric street cars. 

Defective rail bonds on street railway 
systems. 

Heterodyning of broadcasting stations. 
Overlapping of broadcasting stations. 
Telephone ringers. 

Induction from telephone and telegraph 
lines. 

Motion picture machines that use arc 
lamps. 

Motors and generators of the commutator 
‘type. 

Electric welding apparatus. 

X-ray machines. 

Static machines. 

Static produced by belts. 

Electrical manufacturing processes. 
Induction from high potential circuits. 
Arcing wire in trees and other grounded 
objects. 

Leaking insulators on power circuits. 
Defective lightning arresters on power 
circuits. 

Loose street lamps in sockets. 

Bad contacts in switches. 

Lightning arresters. 

Smoke or dust precipitators. 

Defective transformers. 

Defective street hight rectifiers. 
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THE THOMPSON MINUET UNDER TEST IN THE LABORATORY 


Figure 1: The receiver was also put into operation at specially chosen points in and 
near New York City in order to reproduce actual operating conditions as far as 
possible. 


HOW TO GET THE MOST OUT OF 


YOUR READY-MADE RECEIVER 


No. 10: THe THompson MINuET RECEIVER Mone R-81 


This series of articles explains the theory, operation, equipment 
and care of standard receiving sets 


This series docs not indorse the product of any manufacturer nor make 

comparisons between receivers. The sets already described include: No. 1, 

the Eagle Neutrodyne; No. 2, the Radiola Superheterodyne; No. 3, the 

Melco Supreme Receiver; No. 4, the Crosley Trirdyn; No. 5, the De Forest 

Reflex; No. 6, the Atwater Kent; No. 7, the Grebe Synchrophase Receiver ; 

No. 8, the Freed-Eisemann Receiver No. 9, the Garod Neutrodyne Type 
eceiver. 


By S. GORDON TAYLOR 


EXPLANATION OF SYMBOLS IN Ficure ]— 


RFC1—Antenna coupling coil; R1—Filament rheostat controlling VT1 and 
babes and RFC3—Radio- frequency coupler VT2:; 
oils ; R2—Filament rheostat controlling VT3, VT4 
vcl, VC and VC3—Variable condensers ; and VT5; 
VTI, VT2, VT3 and VT4—UX-199 type R3—Grid-leak resistance; 
vacuum tubes ; C1, C2, C3 and C4—Fixed condensers ; 


VT5—UX-120 type amplifier vacuum tube; E 
AFTI and AFT2 Audio- frequency amplifying C5 and C6—Ncentralizing condensers ; 
transformers ; S1—Battery switch. 
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B45V B45V 
(8) (22) 


THE WIRING DIAGRAM OF THE RECEIVER 
Figure 2: This schematic drawing togcther with the text should give the novice a 
general understanding of how the receiver works. The lettering used ts identical with 
that employed in the other illustrations and in the list of parts. 


HIS five-tube receiver is of the 

tuned-radio-frequency type and em- 
ploys the neutrodyne method of prevent- 
ing oscillation in the radio-frequency am- 
plifier. The theory of neutralization used 
in this type of receiver has already been 
described in detail in previous articles of 
this series.* 


Construction of the Receiver. 
This receiver, when it is put into opera- 


tion, is entirely self-contained. The loud- 


speaker, tuning control units and the re- 
ceiver proper as shown in Figures 3, 4 and 
5 are all mounted on the battery box and 
sub-panels while space is provided within 
the cabinet for all batteries, “A,” “B” and 


“C.” All the connecting wires are there- 
fore concealed within the cabinet with the - 


exception of those which lead to the an- 
tenna and ground. | “3 
Access to the battery compartment and 
the rear connection block is gained from 
the rear of the receiver, by the removal 
of the grill. This is accomplished by 


* Those who wish to familiarize themselves with this 
theory are referred to the articles of this series which 
appeared in PorpuLar Rapio for December, 1924, and 
Auzurt, 1925, 


turning the knob at the top and pulling 
the grill out and up: 


The variable tuning condensers are 
mounted on a metal subpanel and are 
mechanically coupled together by means 
of wires and pulleys so that they are oper- 


ated from a single major tuning control 


at the front. In this way the three tuned 
circuits are controlled by a single tuning 
knob which swings in a calibrated arc 
around the circumference of the loud- 
speaker cone. — 


; It is impossible, however, in this type 


of receiver to tune three circuits with a 


single control and have each one tuned to 
absolute accuracy. The slight variation 


involved is not noticeable to any extent in 


the case of reception from local broad- 
casting stations but it does become notice- 
able when an effort is made to bring in 
distant stations where extremely fine 
tuning is necessary. 

To take care of this variation the 
manufacturer of this receiver has pro- 
vided “compensator” controls on the 
front of the receiver. By means of these 
controls the slight readjustment of the 
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settings of VC1 and VC3 may be made. 
Thus these two'circuits: may be brought 
into exact resonance with the other cir- 
cuit. The result of this arrangement is a 
single-control receiver for local reception 
but with the added refinement of com- 
pensator adjustments for sharp tuning. 

There are also two knobs on the panel 
which control the battery current supply 
to the tube filaments. The one at the 
right is used to adjust the current to the 
detector and audio amplifier tubes. When 
this is .once set for maximum results it 
need not be varied except that it should 
be advanced somewhat as the voltage of 
the “A” battery drops through age. The 
filament knob at the left serves to control 
the volume of sound by varying the 
amount of current flow through the fila- 
ments of the radio-frequency amplifier 
tubes. By the use of this control any 
desired degree of volume may be ob- 
tained. 


How the Receiver Works 


_ When radio signals are intercepted by 
the antenna there is a flow of radio- 
frequency current through the coil which 
is connected in the antenna-ground circuit, 
1. e., the primary of RFC1. By means of 
electromagnetic induction this energy is 
transferred to the secondary of the an- 
tenna coupler RFC1. ) 


The amount of energy transterred in 
this manner depends upon the ratio of 
turns in these two coils and the degree of 
coupling between them. If the energy 
transfer is too great the tuning, which is 
controlled by the condenser VC1 shunted 
across the secondary coil, will be broad 
when a large antenna 1s used. This con- 
dition may permit two broadcasting sta- 
tions on different wavelengths to be heard 
at the same time. 

To eliminate this possibility the an- 
tenna coil in this receiver is provided with 
three taps, marked 1, 2 and 3 in Figure 2. 
If a short antenna is used with the re- 
ceiver the connection to the tapped part of 
this coil is made to binding post number 3, 
which provides the maximum energy 
transfer to the secondary coil. In other 
words, a small antenna picks up compara- 
tively little energy from the ether and all 
of this energy may be used to advantage. 

A larger antenna, however, may pick 
up too much energy. Therefore it 
should be connected to binding post 1 or 
2 which provides fewer turns of the an- 
tenna coil in the circuit with the result 
that the coupling between the two coils is 
“loose” and there is a comparatively 
smaller transfer of energy. 

Let us assume, for the purpose of illus- 
tration, that the energy of the incoming 
signal has been successfully transferred to 
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the secondary coil of RFC1. It is then 
necessary to tune this circuit by means of 
VCl. This must be done because this 
circuit will accept only energy of the same 
frequency, or wavelength, as that to which 
the circuit is tuned. If the secondary is 
tuned to 300 meters, for instance, the re- 
sistance that this circuit offers against the 
flow of energy is low if the received en- 
ergy has a frequency of 1,000,000 cycles a 
second, corresponding to a 300 meter 
wavelength. The resistance is high to 
other frequencies, however. 

It may be considered then that this 
tuned secondary circuit accepts signals of 
the same wavelength to which it is tuned 
and rejects all others.. It follows, of 
course, that by varying the adjustment of 
VCI this circuit may be made an “‘accep- 
tor” of signals of any wavelength within 
the range of the circuit (in this receiver 
the range is approximately 200 to 600 
meters), while at the same time serving 
as a “rejector” of all signals of wave- 
lengths higher or lower than that to 
which the circuit is tuned. 

The secondary of RFC1 is connected 
to the grid and filament of VT1, as shown 
in the diagram, Figure 2. Thus the en- 
ergy put into this coil from the antenni 
coil is impressed across the grid and 
filament of the vacuum tube. 

Through the amplifying action uf the 
tube the energy taken out of the amplifier 
tube will be greater than that put into it. 
The added electrical energy is supplied by 
the high voltage “B” battery and is taken 
out across the plate and filament of the 
tube. 

When an impulse of energy is im- 
pressed on the grid of the tube, this ele- 
ment acts as a throttle, allowing a corre- 
sponding impulse of electrical energy to 
be drawn from the “B” battery through 
the plate circuit of the tube. Thus an 
energy flow is sct up in the primary of 
RFC2 because this coil is connected be- 
tween the “B” battery and the plate of the 
tube. 

It is evident then that the signal energy 
which was intercepted by the antenna 
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circuit and transferred to the secondar» 
circuit of RFC1 will be duplicated in the 
primary circuit of RFC2 but it will, of 
course, be larger because of the amplitica- 
tion properties of the tube. 

This increased energy 1s transferred to 
the secondary of RFC2, if the latter is 
tuned to the same wavelength. It is then 
impressed on the grid circuit of the second 
radio-frequency amplifier tube where 
further amplification is provided. Thus 
extremely weak signals intercepted by the 
antenna are built up so that by the time 
they are impressed upon the grid of the 
detector tube, through RFC3, they have a 
respectable amount of strength. This of 
course means that the receiver is much 
more sensitive to weak signals from dis- 
tant stations than would be the case if a 
radio-frequency amplifier were not used. 

Up to this point all the energy has 
remained in the form of radio-frequency 
currents. Radio-frequency energy, how- 
ever, cannot be made audible by inserting 
a loudspeaker or headphone in the circutt. 
It is first necessary to change the form of 
the current to so-called “‘audio-frequency.” 
In other words the radio-frequency must 
be reduced to one within the range of the 
human ear. This is accomplished by 
means of the detector tube which has 
what might be called a semt-rectifying 
action. The result is that the output of 
the detector tube practically amounts to a 
direct current which fluctuates according 
to the vibration or frequency of the voice 
or music which is being received. 

If headphones were connected in the 
plate circuit of the detector tube in place 
of the primary coil of AFT1, these vibra- 
tions or frequencies would become audible 
reproductions of the sounds which were 
originally broadcast. 

In order to make the use of a loud- 
speaker possible, however, it is necessary 
to build up the strength of these audio- 
frequency currents. This is accom- 
plished by the use of two stages of audio- 
frequency amplification. 

The process is the same as that of the 
radio-frequency amplifier except that th? 
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A FRONT VIEW OF THE RECEIVER, WITH THE CABINET REMOVED 

Ficure 3: The pulleys which control the two condensers VC1 and VC3 are shown in 

this picture. The single control at the top also operates the third condenser, VC2. 
The receiver is completely assembled and wired before it is placed in the cabinet. 


coupling coils (audio-frequency trans- 
formers) are of a different type which 
requires no tuning because they pass 
nearly all audio-frequency currents with 
equal facility. 


Antenna and Ground 


As has been stated, there is a definite 
limit to the amount of signal energy that 
can be effectively transferred from the 
antenna circuit to the receiver. If there 
is too great an energy transfer the tuning 
becomes broader, with the result that two 
stations broadcasting on different wave- 
lengths may be heard at one time. To a 
certain extent the three connections pro- 
vided on the antenna coupling coil may 
be used to adjust the signal strength to 
suitable proportions. However there are 
other conditions that should be considered. 


If the receiver is located close to power- 
ful broadcasting stations the antenna will 
pick up a great deal of energy—perhaps 
so much that even with the antenna con- 
nected to the first tap on the antenna coil 
the energy transfer will be too great un- 
less a small antenna is used. On the other 
hand, if the nearest broadcasting station 
is 50 or 100 miles distant it may be possi- 
ble to use a much larger antenna, even 
when it is connected to taps 2 or 3 on the 
antenna coil. Because of the greater dis- 
tance the signals have to travel, in this lat- 
ter case, they are naturally comparatively 
weak when they reach the receiving 
antenna and therefore the signal energy 
impressed on the grid circuit of the first 
tube will be sharp in tuning. 

The logical conclusion is that a small 
antenna should be used if the receiver is 
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to be located within a few miles of a 
powerful broadcasting station. When 
there are no nearby stations the antenna 
may be much larger. 

Actually these conclusions are borne 
out by facts, with the result that an an- 
tenna between 60 and 75 feet in length 
is recommended where there are high 
power broadcasting stations within a dis- 
tance of about 30 miles from the receiver. 
Where the nearest stations are at a 
greater distance than this a larger antenna 
may be used—anywhere from 100 to 150 
feet in length—depending on the distance. 

Previous articles of this series have 
gone into detail regarding the installation 
of antennas and ground connections. It 
does not seem necessary to go over this 
ground again, especially since the in- 
struction booklet which is furnished with 
this receiver by the manufacturer covers 
this subject with great thoroughness. It 
should suffice to offer an illustration of an 
ideal antenna arrangement, Figure 6, 
with the suggestion that it be followed as 
closely as conditions may permit. 


The Vacuum Tubes to Use 


This receiver is designed to operate 
with dry-cell tubes exclusively. As indi- 
cated in the list of symbols at the head of 
this article, UX-199 type tubes are used 
for the radio-frequency amplifier, detector 
and first audio amplifier tubes. For the 
second audio amplifier tube a UX-120 
type of tube is used. 

If desired, the UX-199 type may be 
used in all five sockets but the increased 
volume with the use of a UX-120 tube in 
the last audio stage is so great as to make 
the substitution of a UN-199 tube im- 
practical. Therefore the only combina- 
tion to be discussed here will be that 
which uses a UX-120 as indicated above. 


What Battcrics to Use 


Dry-cell batteries alone are used to 
operate this receiver. This includes the 
“A” battery, which supphes the filament 
lighting current; the “B” battery, which 
supplies the high voltage to the tube plate 
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circuits, and the “C” battery, which sup- 
plies the proper grid-bias to provide the 
maximum volume and tone quality in the 
audio-frequency amplifier. 

The “A” battery is made up by con- 
necting six ordinary dry cells as shown in 
Figure 7. By connecting batteries in 
series their total current 1s equal to that 
of only one battery, but their total voltage 
is equal to the sum of their individual 
voltages. Therefore, since dry cells are 
rated at 114 volts each two connected in 
series would provide a 3 volt supply. 

The UX-199 type of tube operates on 
three volts but it is necessary to use three 
dry cells in series to operate these tubes. 
This is because the voltage of the bat- 
teries drops slightly after they have been 
in use a short while so that two of them 
in series would not supply an adequate 
voltage for any length of time. Therefore 
three dry cells are connected in series to 
provide suitable voltage, even after their 
initial voltage has dropped somewhat. 

When dry cells are connected in mul- 
tiple ( parallel) their total voltage remains 
the same as that of a single battery but 
their current (life) is greatly increased. 
In some cases, where the current drain ts 
fairly large two batteries connected in 
multiple will have considerably more than 
twice the life of a single battery. In such 
cases it is of course more practical to use 
two batteries, thus connected, than one. 

For lighting the filaments of this re- 
ceiver, it 1s therefore recommended that 
both of these methods of connection be 
used. This arrangement is shown in 
Figure 7. The six dry cells are divided 
into two groups of three each. The three 
batteries in each set are connected in 
series, providing a total voltage of 414 for 
each set. The two sets are then connected 
im multiple making the total output volt- 
age 414 but more than doubling the cur- 
rent life. 

In selecting drv cells for use in lighting 
the filaments of this receiver it is recom- 
mended that preference be given to bat- 
teries which are made expressly for radio 
use. The ordinary batteries commonly 
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A TOP VIEW OF THE RECEIVER 


Figure 4: The greater part of the assembly of the set, as shown here, is mounted on 
the top of the battery box. VC2 ts hidden by the “C” battery shelf. 


used for operating doorbells will not func- 
tion as satisfactorily as radio dry cells 
which are so designed as to provide maxi- 
mum efficiency when subjected to current 
drains such as those required for opera- 
tion of vacuum tubes. 

The life of a set of six standard radio 
dry cells, connected to the Thompson re- 
ceiver, as shown in Figure 7, should ap- 
proximate 80 to 100 hours of use. This 
means that if the receiver is used an 
average of two hours per day, one set of 


these batteries should last about a month 
and a half. 

A small pocket voltmeter may be used 
to test the batteries from time to time, to 
determine their condition. A new battery 
should register 114 volts when the volt- 
meter 1s connected across its terminals. 

As the batteries become worn their volt- 
age drops until they do not provide ample 
voltage to operate the receiver. When the 
voltage drops to .9 volt per cell the bat- 
teries should be replaced with new. It is 
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a good idea to purchase a new set of bat- 
teries when the voltage of the old has 
dropped to 1 or 1.1 so that the new ones 
will be on hand when the time comes for 
their installation. 

For the high voltage supply it is possi- 
ble to use “B” batteries of either the dry 
or storage type, or one of the devices now 
on the raarket which make it possible to 
obtain the proper voltage supply direct 
from the house lighting lines. The source 
most commonly used, of course, is the 
dry-cell “B” battery. This consists of a 
number of small dry cells, similar to flash 
light cells, which are assembled into sealed 
blocks containing either 15 or 30 cells 
each, representing total voltages of 2214 
and 45 respectively. 

Like the dry cells used for lighting the 
filaments, these batteries must be replaced 
with new ones when they become worn 
out. Their condition may be tested with 
a small voltmeter, as in the case of the 
dry cell “A” batteries, but in this case the 
voltmeter should be capable of reading up 
to 50 volts. The most practical arrange- 
ment is to purchase a voltmeter with a 
double scale ; one with a maximum of two 


or three volts, for use in measuring the 


voltage of the “A” batteries and the other 
with a maximum of 50 for measuring the 
voltage of the individual blocks of the 
“B” battery. “B” batteries should be 
replaced when the voltage of a single 45 
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volt block drops to 34, or a 22% volt 
block drops to 17. 

The approximate life of a set of dry 
cell “B” batteries used with this receiver 
is shown in the tabulation given below. 

Study of the circuit diagram will show 
that the first 45 volt battery, designated as 
“Bl” is connected in the circuits of all 
five tubes, while “B2” is connected in the 
circuits of only four—VT1, VT2, VT4 
and VT5. The current drain of the tube 
VT3 is so slight as to be of little impor- 
tance, so it may be considered that the 
current drain on batteries “B1” and “B2” 
is approximately equal. “B3.” however, 
is connected in the circuit of VTS only 
and is therefore subjected to a much 
lighter drain than are the other two bat- 
teries. It is therefore advisable to switch 
the batteries around about once a month. 
Thus, at the end of three months, each 
battery will have served one month in 
each of the three positions in the circuit 
and each will therefore have been sub- 
jected to the same drain. If this sug- 
gestion is not followed. it will be found 
that the first two batteries will run down 
much faster than the third. 

Some difficulty will be found in using 
the storage tvpe of “B” batteries with this 
receiver because the space provided in the 
cabinet is not sufficient. However, if 
there is no objection to mounting the 
storage batteries outside of the cabinet, 


TABLE OF ESTIMATED “B” BATTERY LIFE WITH THE 
THOMPSON RECEIVERS 


Amount of 


use daily “Bl 


2 hours 148 days 


3 hours 91 days 


4 hours 61 days 


“Bo 


148 days 


ALL, IF INTER- 
CHANGED MONTHLY 


“B3” 


388 days 190 days 
124 days 


86 days 


This approximation of the life of the “B” batteries used with the Thompson receiver 
is calculated from the actual current drain figures dividcd into the known ampere 


hour capacity of standard makes of “B” batteries. 


It will be noted that if the bat- 


teries are not changed around monthly, as suggested in the text, “Br” and “B2” will 


run down almost three times as rapidly as “B3. 


23 


By interchanging the batteries 


monthly, however, the life of all will be approximately equal and it will be a more 
simple matter to keep the battery voltage checked up. 
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A REAR VIEW OF THE SET WITHOUT ITS CABINET 


Figure 5: The space provided for the batteries is here shown. 


When the cabinet is 


in place the batterics may be reached by removing the grill at the rear. The battery 
arrangement is given in Figure 7. 


their use will be found entirely practical. 

The first cost of such batteries is higher 
than that of the dry cell type. However, 
storage “B” batteries may be recharged 
when they run down and will function for 
years with only an occasional charging. 
A charger which makes it possible to re- 
charge storage batteries from the electric 
light line may be purchased for a few dol- 
lars, and will enable the owner to charge 
his batteries at home. 

If it is desired to use a “B battery 
eliminator” one should keep in mind the 
dimensions of the battery cabinet in the 
receiver and it is by all means advisable 
to require a demonstration of the device 
in conjunction with this particular re- 
ceiver before the purchase is made. This 
is especially important because many of 
the devices which furnish the high volt- 


age plate supply direct from the electric 
light lines will not function satisfactorily 
unless several feet away from the 
receiver. | 

A 2214-volt “B” battery serves as the 
“C” battery for this receiver. Hereto- 
fore receivers required only about 4% 
volts of “C” battery but with the advent 
of the new power tubes, such as the UX- 
120, higher “C” battery voltages are re- 
quired. This is fortunate because other- 
wise the current drain on the “B” bat- 
teries where the voltage is over 100 would 
be excessive. 

The “C” battery serves not only to cut 
down the current drain on the “B” bat- 
teries, but also to improve the tone 
quality of reproduction. 

The “C” battery is subjected to prac- 
tically no current drain and for that rea- 
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son its life in the receiver is approximately 
equal to its shelf life, which is the term 
used to designate the life of a battery 
which is not used but which gradually 
deteriorates and loses strength because of 
age. 


The estimated life of the “C” battery . 
When its - 


is in excess of 18 months. 
voltage has dropped to 17 it should be 
replaced. 


The Operation of the Receiver 


After the batteries, antenna and ground 
have been connected to the receiver, as 
shown in Figure 7, it is a simple matter 
to put it in operation. The five vacuum 
tubes should be inserted in their sockets, 
making sure that the UX-120 type tube 
is placed in the socket marked VT5 in 
Figure 4. It is also advisable at first, to 
connect the wire running to the antenna 
coupler coil to the middle one of the 
three binding posts mounted on the rear 
end of this coil. 
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The filaments of the vacuum tubes are 
lighted. next by inserting the key in the 
battery switch S1 and turning a quarter 
turn to either side. The rheostat knobs - 
R1 and R2 are then each turned half way 
on. At this setting their pointers will 
point directly upward. With these two 
operations accomplished, the filaments of 
the five tubes should glow dimly, and the 
receiver is in readiness for reception. 

The two compensating knobs should 
then be set at zero and the main tuning 
control moved slowly over its scale until 
a broadcast station 1s heard. The main 
control may be left at the setting where 
the signal is loudest. 

The compensating knobs should then be 
adjusted in an effort to make the signal 
still louder. When this has been done 
the receiver is tuned to exact resonance 
with the broadcasting station. 

At this point the two knobs R1 and R2 
should be readjusted. As they are 
turned to the right they allow greater 
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AN EXCELLENT ANTENNA ARRANGEMENT 


Figure 6: The design of the antenna ts necessarily governed, in most cases, by the 
roof or yard space available. However, many of the ideas suggested by this illustration 


may be used to advantage in any antenna installation. 


The best length for the antenna 


will depend in cach case on the interference conditions. 
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B” BATTERY 


A” BATTERY 


THE CONNECTION CHART 
Ficure 7: This diagram gives the wiring of the batteries, antenna, ground and loud- 


speaker. 


current to flow to the filaments of the 
tubes. With this increased current there 
will be an increase in volume of received 
signals up to a certain point. Above this 
point increasing current will not increase 
signal strength but will shorten the life of 
the tubes. 


The arrangement of the “A,” “B” and “C” battcries is also shown. 


The proper setting of the knobs R1 and 
R2, therefore, is the lowest one which 
will provide maximum volume of signals. 
If maximum volume is not needed, in the 
case of reception from local stations, it 
can be cut down to any desired degree by 
turning the knob R1 backward (left). 
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When the compensator knobs are set 
for maximum effectiveness for one broad- 
casting station they will need little atten- 
tion unless the wire running to the an- 
tenna coupling coil is changed to another 
terminal. In that case a new setting for 
them will be necessary. This new set- 
ting, however, will hold good for all 
stations so long as the connection to the 
antenna coil is not changed. 

After practicing tuning for a short 
time, it is well to try changing the con- 
nection to the antenna coil from one ter- 
minal to another until all three have been 
tried. Then leave the connection on the 
terminal which provides the greatest sig- 
nal strength but which still retains ample 
selectivity to make possible the reception 
of any station without interference from 
another. After the best connection has 
once been found there is no necessity for 
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again changing it unless a change 1s made 
in the antenna. 


How to Chart the Recciver 


When a station has once been tuned in 
it can always be brought in again at the 
same setting of the main tuning control 
(and the compensating controls). For 
this reason a notation of the dial setting 
should be made for each new station. 

Thereafter when it 1s desired to tune 
in a certain station it is necessary only to 
refer to these notations to find the proper 
setting for the tuning control. 

These notations may be made in tabu- 
lar form and new stations added as they 
are tuned in. If desired, the stations can 
later be arranged on a new chart, listed 
in alphabetical order or in any other 
arrangement which is convenient to the 
operator of the receiver. 


Kadel & Herbert 


“LIFE ON THE ETHER WAVE” 
The best point of radio reception on board a vessel is the bowsprit—if the cadets of 
the New York State schoolship Newport are to be believed. Radio fans of an ev- 
perimental turn of mind may care to check up on this conclusion—and on the other 
hand, they may not! 


DUTSIDE DIA. 
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THE TYPE OF COIL TO BE MEASURED 


Ficure 1: 


The toroid shape of winding, shown in the diagram above, that consists 


of a circular winding of square cross section may be easily calculated for inductance 
as explained in the following article. 


A MEASUREMENT CHART 


FOR SIMPLE CALCULATION OF INDUCTANCE OF TOROID COILS 


ARTICLE No. 14 
By RAOUL J. HOFFMAN, A.M.E. 


HE trend of development in recent 

coil design has been somewhat to- 

ward the confinement of the magnetic 

field within the coil in order to eliminate 

radiation, inductive coupling between 

stages, and a freedom from outside in- 
terference. l 

The ordinary coil, the solenoid, as used 
today, has a larger external field which 
is the main cause of picking up outside 
energy from nearby stations. _ 

A coil wound around a ring has a 
completely self-contained magnetic field, 
and is called a toroidal coil, also known 
under the popular name as the “dough- 
nut coil.” | 

The simplest form for winding a 
toroidal coil is a ring with a rectangular 
cross-section, for which the inductance 
follows the equation: 


L = 117 n'h logl0 O.D./I1.D. 


wherein L denotes the inductance in 
microhenrys, n the total number of turns, 


h the thickness or height of the coil, 
O.D. the outside diameter and I.D. the 
inside diameter; all dimensions in inches. 

For ready calculations the above for- 
mula is represented by a chart as shown 
in Figure 2. 

Figure 1 shows the general design to 
be calculated. 

Using a certain size of wire to be 
wound on a single layer on a given in- 
side diameter there is a maximum num- 
ber of turns possible. 

Looking at the chart in Figure 1, we 
find on scale No. 1 the inside diameter of 
the coil, on scale No. 2 the double silk 
covered wire and on scale No. 3 the single 
silk over single cotton covered wire; by 
connecting scale No. 1 with scale No. 2 
or scale No. 3 we find the line inter- 
secting scale No. 4 at the maximum 
number of turns possible. 

Example: To find the inductance of 
a toroidal coil having a height of 1.5 
inches an outside diameter of 4 inches 
and an inside diameter of 2 inches using 
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THE CHART THAT HELPS YOU TO DESIGN THE TOROID COIL 


Tigure 2: By means of this simplified chart the amatcur experimenter may 
design his toroid coils to any inductance value that he desires to use in his 
receiving sct. The chart takes into consideration the number of turns of wire 
necessary, kind of wire, the inside and outside diameters of the toroid and the 
height of the windings for obtaining a coil of a certain specificd inductance value. 


No, 24 D.S.C. wire. Connect 2 on scale 
No. 1 with 24 on scale No. 2 you will 
find the line intersecting 260 on scale 
No. 4 which is the maximum number 
of turns possible for a single layer. 
Then connecting 2 on scale No. 1 with 
4 on scale No. 5, you will find the line 
intersecting 2 on scale No. 6 which gives 


1 


the ratio of the outside and inside diam- 
eter; taking the same ratio number on 
the conversion line No. 7 and connecting 
it with 1.5 on scale No. 8, then connect- 
ing the intersection point on the refer- 
ence line No. 9 with 260 on scale No. 
10 you will find the inductance on scale 
No. 11 to be 360 microhenrys. 


The next MEASUREMENT CHART of this serics qwill 
enable the experimenter to figure out the inductance of 
the circular section toroid coil. 


A MEASUREMENT CHART 


TOTAL NUMBER 
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HOW TO BUILD 


THE S-C RECEIVER 


— for short and long waves 


This new receiver covers wavelength ranges from 50 to 550 meters. This is the first 
time that a description of a receiver employing radio-frequency amplification with a 
regenerative detector for use over such wide frequencies has ever been described in 
any magazine. One exceptional feature of this receiver: is that'the wiring is done in 
advance, in the form of a “harness,” and the whole receiver may be built in less than 
an hour. The qualities of volume, tone, distance reception and selectivity are excep- 


tionally good. 


By McMURDO SILVER and LAURENCE M. COCKADAY 


Cost or Parts: Not more than $57.00. 
RECEIVING RANGE: Coast to coast. 


Here Is a LIST OF THE Parts USED IN THE LABORATORY SET— 


A and B—S-M antenna coil No. 110A and de- 
tector coil No. 114A equipped with two No. 
515 coil sockets; i 

C and D—Thordarson No. R-200 transformers; 

E and F—S-M SLF variable condensers No. 316 
equipped with one vernier dial No. 801; 

G—Polymet mica fixed condenser, .002 mfd.; 

H—Polymet mica fixed condenser, .005 mfd.; 

I—Polymet mica fixed condenser equipped with 
giid leak clips, .00015 mfd.; 

J—Polymet grid leak, 2 megohms; 

K—Yaxley rheostat No. 16K, 6 ohms; 

L—Yaxley battery switch No. 10; 


Mi—Yaxley jack, type No. 1; 

M2—Yaxley jack, type No. 2; 

N—S-M Type No. 340 variable condenser, 
.000025 mfd.; 

O—Centralab variable resistance, No. 25 M.S.R.; 

P—Poster drilled and engraved front panel, 7 by 
18 inches; | 

Q—Poster drilled and engraved sub-panel, 6% 
by 17 inches; 

Ri, R2, R3 and R4—S-M tube sockets, type 

No. 510; 

S1 and S2—No. 540 mounting brackets; 

T—Hardwood cabinet for 7 by 18 inch panel; 

U—Belden S-C connecting harness. 
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THE HOOK-UP FOR THE NEW S-C RECEIVER 


FIGURE 1: Notice that all of the symbols for the instruments bear designating 
letters which reappear in the list of parts and throughout the text and the following 
Ulustrations,; thts eliminates the possibility of mistakes in construction and wir- 


4 T + 


BEV 


ing up 


35 O 53 60, 738 


The list of parts given here includes the exact instruments used in the laboratory 

set, from which these specifications were made up. The experienced amateur, 

however, will be able to pick out other reliable makes of instruments of simila~ 
nR characteristics and equal efficiency. But if the novice follows this list, the ia- 
grams in this article will tell him exactly where to bore the holes and exactly 


where to place the connections. 


If instruments other than the ones used in 


the original model are used, the only change that will be necessary will be 
the use of different spacings for the holes that are to be drilled in the panel 


for mounting the instruments. 


Te development of the S-C receiver was 
undertaken by its designers with a number of 
definite ends in view. Possibly first was the 
development of a receiver for the home builder 
which would cover the entire wavelength band 
from 50 to 500 meters. Another important con- 
sideration was that the receiver should represent 
a far better dollar for dollar operating value than 
would any other design for this large wavelength 
band in points of selectivity, distance, range 
and tone quality, with four tubes. 

It would be well for a moment to consider 
some of the special points incorporated in this 
design, in order that the prospective builder and 
experimenter may decide for himself whether or 
not it will satisfy him. 

The first feature of the design is the absence 
of a multitude of tuning controls. All wave- 
length adjustment for tuning is done by a single 
dial, thus simplifying the operation of the re- 
ceiver to a point where the absolute novice can 
operate it with the assurance of far more than 
average results. This feature is accomplished 
through the use of two standard condensers 
which are so designed that they lock into each 
other and thus permit of control from a single 


master dial. Needless to say, their design must 
be extremely accurate in order that any circuit 
variations will not affect the tuning of the re- 
ceiver throughout its entire wavelength range 
other than to an extent which may be compen- 
sated for by a midget condenser which is em- 
ployed for this purpose. This minor adjustment 
is not one that has to be made for each station 
tuned in, but rather, it is a single adjustment 
made initially in balancing the circuit. The sub- 
stantially straight-line-frequency curve of the 
condensers used results in extremely easy tun- 
ing, as the low-wave stations may be so easily 
separated with no sacrifice in selectivity on the 
longer wavelength stations. 

The wide tuning range of the receiver is ac- 
complished by the use of special low-capacity, 
plug-in coil units. Thus, with two standard A 
type inductances, the wavelength range is from 
190 to 550 meters. The range with two type 
B inductances is from 90 to 210 meters; the 
range with two type C inductances is from 50 
to 110 meters. For the higher wavelengths used 
in European broadcasting two type D induct- 
ances will give a range from 550 meters to 1,200 
meters. The type E coils will cover from 1,200 
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From a photograph made for POPULAR RADIO 


TESTING OUT THE FINAL MODEL 
FIGURE 2: The authors are here shown putting the final model of the new receiver through 
its paces. They have checked up on its selectivity and tone quality as well as its distance- 
getting capacity and the amount of ‘‘B"’ battery comsumption, before giving it their approval. 


meters to 1,800 meters.* Due to the design of 
these coils, which are wound upon ribbed-bakelite 
tubing, the losses are extremely low. 

The reader doubtless realizes that seldom is 
an all-wave design practical, yet in this particu- 
lar receiver it has not only been made practical 
but it is perhaps the first time that radio-fre- 
quency amplification has been employed over 
such a wide range and with such satisfactory 
results. 

The audio-frequency amplifier of this receiver 
represents another exceptional bit of engineering 
work on transformer design. A new type of 


* In the list of parts only the type A coils are listed. 


FiGuRE 3: The type of interchangeable coil used 
in the receiver. 


power transformer, heretofore available only in 
receivers costing from $500 to $2,500 or more, 
is used. These transformers have practically a 
straight-line-frequency curve from 40 to 7,000 
cycles. They are designed also for handling 
comparatively high powers without distortion. 

Another feature never before seen in home- 
constructed experimental receivers is the use of 
a wiring “harness” which simplifies the wiring 
to a point where anyone can assemble the re- 
ceiver in less than an hour. This wiring ‘‘har- 
ness” or cable contains all the wiring in various 
colors, cut to the right lengths and assembled 
in one cable as shown in Figure 12. All low- 
potential leads, including battery connections, 
are contained in the cable so that it is merely 
necessary to compare the colors of the leads 
with the information given in the diagrams and 
connect the proper ones where they project 
from the cable to the instrument terminals that 
are numbered with the same numbers as marked 
in the photographs and drawings. The high 
potential leads of the grid and plate circuits of 
the radio-frequency amplifier. and the detector 
are separate from -the cable but -supplied with 
it—cut to the proper length, with the ends 
scraped and tinned. Thus the wiring in this 
case is merely a simple process of pushing the 
ends of the cable through the holes in the base- 
board and soldering them to instrument lugs or 
fastening them under the binding posts. This 
cable method of wiring is extremely efficient, for 
all the low-potential leads are grouped together 
and as a result, coupling to undesired parts of 
the circuit is reduced to a practical minimum. 
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The circuit desigu is the standard four-tube cir- 
cuit that pale one stage of tuned-radio-fre- 
quency amplification with variable coupling be- 
tween the antenna and the grid circuit of the radio- 
frequency tube, a regencrative detector, with a 
resistance regeneration control and two stages 
of power-transformer amplification. Little more 
need be said of it, for in a recent survey of popu- 
lar interest, it was found that this general circuit 
design was the most popular in the estimation of 
the home set-building public. The selectivity, 
sensitivity and quality of reproduction in this 
new receiver really is in excess of that of many 
five or six-tube receivers now available. While 
the S-C receiver does not represent the absolute 
limit of sensitivity or selectivity that may be real- 
ized by employing twice as many tubes in a care- 
fully built receiver, it does represent the best 
dollar-for-dollar value available to the home- 
builder for a four-tube receiver, on account of its 
extreme flexibility and wide usage. The circuit 
design for the new receiver is shown in Figure 1. 


Parts Used in Building the Set 


In all of the diagrams used in this article, each 
part bears a designating letter; in this way, the 
prospective builder of a set may easily determine 
how to mount the instruments in the correct 
places and connect them properly in the electric 
circuit. 

The same designating letters are used in the 
text and in the list of parts at the beginning of 
the article. (See page 258.) 


OU 


PIAL 


VERNIER 
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How to Construct the Set 


` After procuring all the instruments and ma- 
terials for building the set, the amateur should 
prepare the panel P, (shown in Figures 4, 5, 6,7, 
8,9 and 10). 

First of all, cut the panel to the correct size, 7 
by 18 inches. Then square up the edges smoothly 
with a file. The centers for boring the holes 
(which are necessary for mounting the instru- 
ments) should be laid out on the panel as shown 
in Figure 11. A convenient method for doing 
this is to lay out all center holes on a piece of 
paper the same size as the panel; then the piece of 
paper may be fastened on the panel and the 
centers marked directly on the panel by punching 
through the paper with a sharp, pointed instru- 
ment. 

If all the holes to be drilled are first started 
with a small drill, one-sixteenth of an inch in 
diameter or less, they may be more nearly cen- 
tered. 

The holes outlined with a double circle should 
be countersunk, so that the flat-head machine 
screws used for fastening the instruments are 
flush with the panel. All the rest of the holes are 
straight drill holes. Sizes for the diameters of 
these holes have not been given, but the builder 
will readily decide what size hole is necessary by 
measuring the diameter of the screws and shafts 
of the instruments that must go through the 
holes. 

When the panel is drilled the builder may give 
it a dull finish by rubbing the face of the panel 
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THE FRONT VIEW OF THE RECEIVER 


FIGURE 4: As the dials and knobs are marked with letters which correspond to the instru- 
ments to which they are attached, the prospective operator will have no trouble in locating 
the various tuning controls, as they are explained in the instructions for tuning. 


262 


lengthwise with fine sandpaper until it is smooth. 
This process should be repeated, except that light 
machine oil should be applied during the second 
rubbing. Then rub the panel dry with a piece of 
cheesecloth. A permanent dull finish will be the 
result. Or, the panel may be left with its original 
shiny-black finish, if care has been exercised, so 
that it has not been scratched during the drilling. 

After the panel has been prepared the experi- 
menter is ready to mount the instruments upon it. 

If the specified drilled and engraved panel is 
bought, of course, this work will be unnecessary, 
as the drilling and finishing are already done by 
the manufacturer of the panel. 

The sub-base Q may be prepared or bought 
already drilled as the experimenter may prefer. 
The drilling plan for this sub-base is also shown 
in Figure 11. 

First of all, mount the coil sockets for the coils 
A and B in the proper places and fasten them to 
the baseboard Q with three screws to each instru- 
ment, as shown in Figures 5, 6, 7 and 8. It will 
be found that they fit exactly on the drilled panel. 
The proper positions for them are indicated in 
Figure 6, as determined by the position of the 
notches on the inner side of the socket rings. 
These are indicated in the photograph by arrows. 

Next, mount the four tube sockets R1, R2, R3 
and R4 in their correct positions as shown in 
Figures 5 and 6. They are fastened to the sub- 
base Q with a single screw to each instrument. 
Sockets R1 and R2 should be placed with the line 


POPULAR RADIO 


that indicates the pin facing towards the back of 
the set and sockets R3 and R4 should be set with 
the straight line indicating the pin facing the 
front of the set. This is indicated in Figure 6 by 
small white line. 

Next, mount the transformer C at the left- 
hand side of the sub-base and transformer D at 
the right-hand side of the sub-base (looking from 
the rear). The secondary terminals marked G 
and F should face in toward their respective sock- 
ets as may be seen in Figure 6. These large trans- 
formers should be mounted with four machine 
screws and nuts to each instrument. 

Next, turn the sub-base upside down and 
mount the three condensers, G, H, and I in their 
proper positions by means of two screws and nuts 
through the holes in each instrument, as shown 
in Figure 9. 

Then, insert the grid leak J in the clips on the 
condenser I. 

The next job will be to mount the two variable 
condensers, E and F, on the sub-base Q by 
means of two screws fastened through the sub- 
base up into the casting of the condensers them- 
selves. This is also shown in Figure 6. Notice 
that the shaft of the condenser farthest from the 
main panel P is slipped into the bushing of the 
shaft of the front condenser where it is held fast 
by set screws. 

The next job will be to mount the two brackets 
S1 and S2 one at either end of the bottom side of 
the sub-panel Q. These are fastened in place 
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VIEW OF THE SET FROM THE REAR 


Fıcure 5: This picture shows the general arrangement of all the instruments as they are 
fastened to the panel or base, 
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VIEW OF THE SET FROM ABOVE 


FIGURE 6: This diagram will help you in your wiring, as it shows the terminals of the 
various instruments. They are designated by numbers that correspond with the numbers 
given in the text and with those that are attached to the various colored wires in the “‘harness” 


as indicated in Figure 12. 


(For instance, No. 35 wire in the harness would attach to the 


35 terminal on the transformer D). 


with two screws and bolts to each bracket. 

Next, mount the rheostat K on the right-hand 
end of the main panel P (looking from the rear). 
This is fastened with a single large nut on the 
shaft in the front of the panel. The indicating 
knob should then be attached to the shaft, as 
shown in Figures 4 and 5. 

Then do the same thing with the 25,000 ohm 
resistance O at the left-hand end of the panel, as 
shown in the same Figures. 

Now mount the two jacks, M1 and M2, in the 
proper position, as shown in Figures 4 and 9; and 
also mount the switch L and the midget variable 
condenser N, as shown in the same two Figures. 

You are now ready to slip on the main panel 
over the shaft of the variable condenser and 
attach the four screws through the front of the 
main panel into the two brackets, S1 and S2 to 
make a firm assembly of both of the units P and 
Q. Then fasten the large nut on the shaft of the 
condenser F. This finishes the construction work 
and the set is now ready to be wired. 


How to Wire the Set 


By means of the novel S-C harness, the wiring 
of this set is practically all done in advance for 
the experimenter. Place the receiver ‘‘upside 
down” with the panel facing towards the builder. 

Then take the connecting harness U that is 
illustrated in Figure 12 and hold it in your hands 
with the four battery connections numbered 7, 
30, 24, 14 and 41 on the right. Then poke the 
first wires, which consist of a single maroon-and- 
red wire, No. 35, and a double red wire, No. 31, 


through the hole at the extreme upper nght-hand 
corner of the sub-panel Q as you look down upon it. 

Next solder the single brown wire, No. 37, to 
the right-hand terminal of the jack M1 as you 
look down upon it. Consult Figures 6,9 and 11 
frequently when doing the wiring up, as a check 
on your procedure. Then solder the double red 
wire, No. 32, to the left-hand terminal of the 
same jack. Next poke the double black wire, 
No. 9, through the adjacent hole in the sub-panel; 
and then poke the double black wire, No. 8, 
through the first right-hand hole in the sub-panel 
Q nearest the jack. 

Then insert the ycllow wire No. 19 and 20, the 
red-and-yellow wire, No. 17, and the double 
black-and-yellow wire, No. 43, in a group 
through the hole which is located near the hole 
for the No. 8 wire. | 

Then solder the single red-and-yellow wire, 
No. 16, to the terminal of the switch L which is 
nearest the sub-panel Q and also solder the yellow 
wire, No. 15, to the remaining terminal of this 
switch. 

Next insert the double black-and-yellow wire, 
No. 42, and the double yellow wire, No. 18, 
through the hole which is out near the top edge 
of the sub-panel Q. 

Then insert the short brown wire, No. 38, 
through the small hole in the sub-panel Q which 
lies right near the cable at that point. Next 
solder the double black-and-yellow wire, No. 
44, to the far side of the condenser H. Then 
solder the triple black wire, No. 10, to the near 
side of the same condenser. 
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Now insert the black wire, No. 11, through the 
adjacent hole towards the top edge of the sub- 
panel Q. Then solder the double black wire; 
No. 12, to the right-hand terminal of the midget 
-condenser N. 

The next job will be to solder the double black- 
and-yellow wire, No. 45, to the far side of the con- 
denser G. The maroon wire, No. 27, should 
then be soldered to the near terminal of the same 
condenser. Next insert the brown wire, No. 39, 
through the small hole in the sub-panel Q which 
lies near the far side of the condenser G. The 
double black-and-yellow wire, No. 46, and the 
double yellow wire, No. 21, should now be in- 
serted through the large hole which is near the 
outer edge of the sub-panel Q at this point. Then 
insert the black wire, No. 13, through the adja- 
cent hole in the sub-panel Q at this point. 

Now proceed to insert the single black-and- 
yellow wire, No. 47, and the double yellow wire, 
No. 22, through the large hole in the sub-panel 
Q, which lies nearest to the left-hand side of the 
small midget condenser N. 

The next wire is a red wire, No. 33, and it 
should be poked through the small hole in the 
panel which lies near the right side of the end 
of the jack M2. Then solder the double red wire, 
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No. 34, to the bottom right-hand terminal that 
lies nearest the sub-panel Q. The black-and-red 
wire, No. 36, should be soldered to the left-hand 
terminal of this same jack and the remaining 
brown wire, No. 40, should be soldered to the 
right-hand terminal of this jack, which is nearest 
the builder. 

Next insert the yellow wire, No. 23, through 
the small hole in the sub-panel Q that is near the 
left-hand side of the end of the jack M2. The 
maroon wire, No. 28 and 29, should be inserted 
through the hole in the lower left-hand corner of 
the sub-panel Q that lies nearest the main panei 
P. The double maroon wire, No. 26, and the 
single maroon wire, No. 25, should then be in- 
serted through the large hole in the upper left- 
hand corner of the sub-panel Q. . 

Next take the large separate maroon wire, No. 
64 and 65, and solder one end of it to the terminal 
marked P of the socket R1. Slip it through the 
adjacent hole in the sub-base, towards the bot- 
tom side, and run along the bottom of the sub- 
panel Q and up through the small hole that is 
adjacent to the terminal B6 on the coil-socket B 
where it should be soldered. 

Then, take the multiple black wire, No. 48, 
49, 50 and 51, and solder it to the left-hand 
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VIEW OF THE RECEIVER AS SEEN FROM THE RIGHT END 


FIGURE 7: 


and how the whole assembly is connected with the main panel. 


This shows the manner in which the sub-panel is fastened to a metal bracket 


The general scheme for 


mounting the transformer and the coil is also given. 
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VIEW OF THE RECEIVER AS SEEN FROM THE LEFT END 
FiGurE 8: This illustration shows the other end of the receiver and indicates the method 


of mounting the remaining coil and transformer and also the rheostat. 


Notice, in the left 


end lower corner, how the wiring cable comes out of the back of the receiver near the bracket 
and underneath the sub-panel. 


terminal of the midget condenser N, as you look 
down upon it with the set upside down. Then 
run the connection, No. 50, over to the near end 
of the condenser and grid leak I and J, respec- 
tively. 

Then insert the remaining ends, No. 49 and 51, 
of this wire through the small hole which will be 
found in the sub-panel Q at the left-hand side of 
this same condenser. Then turn the set the other 
way up and solder connection No. 49 to the left- 
hand terminal on the stator of the condenser F, 
which is adjacent to this hole. Then run the 
remaining terminal, No. 51, of this same wire 
over to the terminal B3 on the coil-socket B and 
solder it fast. 

This completes all the wiring that runs to 
terminals below the sub-panel Q. 

Now take the small black wire, No. 55 and 56, 
and attach one end of it to the terminal G on the 
tube socket R2 and run it over to the screw that 
attaches to the remaining terminal of the con- 
denser I and the grid leak J. (This is one of the 
screws that holds this condenser on to the bottom 
of the sub-panel Q. It is the opposite terminal to 
a Sj you have already connected wire No. 

o. 
Next, take the short black wire, No. 57 and 


58, and run it between the terminal G of socket 
R3 and terminal G of transformer C. Then con- 
nect the small black wire, No. 59 and 60, between 
the terminal G of socket R4 and the terminal G 
of transformer D. 

Then pick out the black wire, No. 52, 53 and 
54, and connect the long bare end to terminal A3 
of coil-socket A and connect this same end to the 
terminal marked G on socket R1. The remaining 
end, which is No. 54, should be connected to the 
nearest stator terminal of condenser E. 

Next take the maroon wire, No. 61, 62 and 63, 
and connect the large bare end to terminal P on 
socket R2 and terminal B1 on socket coil B. 
Then run the opposite end of this wire, which is 
No. 63, to the lower right-hand terminal of the 
resistance O. 

Then, connect terminals A4 and AS, on coil- 
socket A, with a black wire, No. 66 and 67. 

This completes the wiring of the separate 
pieces on the top of the panel and you are now 
ready to connect up the rest of the cable ends 
which were previously projected upward through 
the holes in the sub-base Q. 

Start connecting this up in the following 
manner: 

Connect the double black wire, No. 8, to the 
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VIEW OF THE RECEIVER FROM UNDERNEATH 


FIGURE 9: This diagram will be found of help in wiring up, as it shows the connections 
for the terminals of the “harness” below the sub-base. They are numbered with designating 
numbers that refer to the instrument terminals as well as to the colored wires themselves. 


TOP VIEW OF RECEIVER 


HOW TO HOOK-UP THE BATTERIES AND THE AERIAL AND GROUND 
FIGURE 10: This drawing prevents the builder from making mistakes in connecting the bat- 
teries to the terminals of the ‘‘harness"” or battery cord. Follow these instructions and the 
set will be hooked up correctly because the terminals shown here and in the ‘‘harness”’ dia- 

gram tn Figure 12 are marked with the same numbered designation. 
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THE DRILLING PLANS 


FIGURE 11: 


The top drawing gives the drilling dimensions for the sub-panel Q and lower 


drawing gives the drilling dimensions for the main panel P. These drawings show where 
to drill the holes for mounting the instruments and for the holes in the sub-base that the 


wires are inserted through. 


terminal A6 on the coil-socket A. Then connect 
the single yellow wire, No. 19 and 20, to the 
right-hand terminal F of socket R1, and to the 
bottom terminal of rheostat K. Then, connect 
the single red-and-yellow wire, No. 17, to the 
left-hand terminal of the rheostat K. Next con- 
nect the double black-and-yellow wire, No. 43, 
to the left-hand terminal F of socket R1. 

Next connect the single brown wire, No. 38, to 
the terminal marked P of socket R4. Then con- 
nect the double yellow wire, No. 18, to the left- 
hand terminal marked F of socket R4. Also con- 
nect the double black-and-yellow wire, No. 42, 
to the right-hand terminal of socket R4. Then 
connect the double black wire, No. 9, to the 
terminal marked F on transformer D. All of 
these wires will be found coming through the sub- 
base Q at holes adjacent to the instrument 
terminals, just where you previously placed 
them. Next connect the single red-and-black 
wire, No. 35, to the terminal marked P of trans- 
former D. Then connect the double red wire, 


The correct spacings are given for all the holes. 


No. 31, to terminal marked B on transformer D. 

The next wire to be connected is the single 
black wire, No. 11, which should be connected to 
the common rotor terminal for condensers E 
and F. 

The next job will be to connect the double 
black-and-yellow wire, No. 46, to the right-hand 
F terminal of socket R3. Connect the double 
yellow wire, No. 21, to the left-hand F terminal 
of the same socket. Then solder the single brown 
wire, No. 39, to the terminal marked P on the 
same socket. 

The next task will be to connect the single 
black wire, No. 13, to the terminal F on trans- 
former C. Then connect the double maroon wire, 
No. 26, to the terminal marked P of this same 
transformer. Connect the single maroon wire 
No. 25, to the remaining terminal marked B of 
this transformer. 

Now connect the double yellow wire, No. 22, 
to the right-hand F terminal of socket R2. Then 
connect the single black-and-yellow wire, No. 47, 
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© THE KEY TO YOUR WIRING PROBLEMS 
FIGURE 12: This drawing shows in diagrammatic form the 
LEGEND “harness” for the new S-C receiver. All of the wires are 
numbered with the same numbers as the terminals that they 
Maroon go to, on the receiver parts themselves. The legend printed at 


yellow 


the left gives an indication of the vartous colors that you will 
find in the harness. The smaller wires that are separate from 
the harness you will find in the same package with the harness 


to the left-hand terminal of this same socket. 

Another connection that may now be made is 
to solder the single red wire, No. 33, to terminal 
B5 on the coil-socket B. The single yellow wire, 
No. 23, may now be soldered to terminal B4 on 
the same coil-socket. 

The last connection which must be made be- 
fore the job is finished is the maroon wire and 
this should be fastened with terminal No. 28 
connected to terminal B2 on the same coil-socket. 
At the other end of this wire will be found con- 
nection point No. 29 which should go to the left- 
hand, bottom terminal of the resistance O. 


atself. These are used for plate and grid connections. 


This completes the wiring and you are now 
ready to install the receiver. 


How to Install the Set 


Before placing the set in the cabinet, which 
may be any standard cabinet for a 7 by 18 inch 
panel, the tuning dial (No. 801) should be at- 
tached to the gang condenser. The dial should 
be examined first to make sure that the indicator 
plate, visible through the aperture at the top, 1s 
reading on the ‘‘zero-to-100"’ scale rather than the 
‘'200-to-zero”’ scale, which is on the opposite side. 
This can easily be adjusted properly by merely 
loosening the nickel-plated center stud holding 
the indicator disk in place. This disk will drop 
out if the control knob of the dial is pulled away 
from the center slightly. The indicator disk may 
then be turned so that its ‘‘zero-to-100" side will 
be visible through the aperture. It can be pushed 
into place by merely moving it in its cavity in the 
dial housing. Pulling the control knob away from 
the center will cause the indicator disk to drop 
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down and engage with the small friction-drive 
stud of the control-knob mechanism. The nickle- 
plated center stud may then be screwed up tight 
and the dial is ready for use. It should then be 
placed over the condenser shaft at the center of 
the panel in such a fashion that the small locking 
pin of the dial, located below the control knob, 
will fit into the small hole intended for it in the 

el, which will prevent the dial from turning. 

th condensers should be turned so that their 
plates are entirely interleaved and so that when 
viewed from the front, the edges of the rotor 
plate section are just even with the top edges on 
the left-hand side of the stator plate sections, 
where they are not cut away. The condensers 
may be easily locked together by means of the 
set screws found at the rear end of the rotor 
bushing of the front condenser F. The dial is 
then locked to the condenser shaft by tightening 
up the set screw in the nickle-plated center piece, 
being sure that the dial reads zero against its 
indicating mark when both condensers are en- 
tirely interleaved. Should it be found that the 
two condensers, when locked together, move 
stiffly, the rear bearing of the front condenser F 
should be loosened up by unlocking the lock nut, 
giving the bearing sleeve one turn counter- 
clockwise so that it will not bear against the rear 
of the rotor-plate bushing, and relocking the nut 
on this bushing against the condenser frame. In 
this way only three bearings will be actually in 
use for the two condensers—more than are 
oy necessary for good mechanical opera- 
ion. 

The knobs on the rheostat K and the volume- 
control resistance O should be tightened up on 


the instrument shafts with a small screw-driver so 
that the heads of the arrows will fall directly over 
the contact arms that are visible at the rear of 
the instruments. 

The small balancing condenser, below at the 
right of the control dial, should have its plates 
turned all the way in and the pointer screwed up 
on the shaft until it points straight to the right. 
Then the small knobs supplied with this con- 
denser should be screwed up until it locks the 
pointer in this position. Thus the pointer will be 
at the left when the plates are entirely “out” and 
at the right when the plates are entirely inter- 
leaved. 

Then the sect may be put into the cabinet and 
fastened in place. A hole should be drilled in 
the back of the cabinet for the battery-end of the 
cable, so that the batteries can be connected. 

Connect the batteries and the aerial and 
ground connections exactly as shown in Figure 
10. Next insert in the four tube-sockets, R1, R2, 
R3 and R4, four UX-201-a tubes, or you may 
insert three UX-201-a tubes in sockets R1, R2, 
and R3 and one UX-112 in socket R4, for greater 
volume. 

Be sure that the pins on the tubes are turned 
towards the small lines on the socket as indicated 
in Figure 6, by the white lines. o. 

To become acquainted with the set, it will be 
best to start now to tune in a few local stations. 
Turn the switch L so that the filaments light up 
when the rheostat K is rotated in a clockwise 
direction. Then insert the loudspeaker plug in 
jack M1 or the phones in jack M2 for tuning. 

In preliminary tuning of the receiver, the bal- 
ancing condenser should be turned entirely to the 
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A Tuning Chart to Adjust to Your Own Set 


DIAL SETTING 


WAVELENGTH 


ETERS 


i 


200 


FIGURE 13: 


Cut out the chart at 
the left and paste it on 
a piece of thin, stiff, 
white bristol paper. 
Then cut out the small 
chart at the right. It 
should be pasted in 
position on the blank 
space on the right side 
of the main chart un- 
derneath the heading 
“dial setting.” To get 
at an exactly the right 
position, tune im a 
Station of around 350 
to 400 meters and find 
out what setting i 
comes in bn on your 
dial. For instance, a 
station on go5 meters 
would come in some- 
where near 30 to 35 
on your dtal according 
to the variation of the 
condenser in the set. 
If it comes in at 32 
(say), paste the ware- 
length part of the chart 
an place so that 405 
meters on the wave- 
length scale is exactly 
opposite 32 on the dial 
setting scale. Then all 
the other stations will 
tune in approximately 
as indicated by the 
completed chart. 
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PASTE DIAL SETTING CHART IN THIS SPICE 
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left and all tuning should be done with the large 
center dial. If it is noticed that stations appear 
to come in at two points on the central dial, say 
from one-half to two degrees apart, this can be 
.overcome by adjusting the small balancing con- 
denser from left to right until the stations come 
in at only one sharply defined point. If adjusting 
the balancing condenser does not overcome this 
difficulty, then the set-screw that locks together 
the two tuning-condenser rotor assemblies, 
should be loosened and their position with rela- 
tion to each other changed in such a fashion that 
when the rear condenser E is so set that its rotor- 
plate edges are on a line with the left edges of its 
stator plates, the rotor-plate edges of the front 
condenser F will be slightly below, say not over 
one-eighth of an inch at their periphery, the left 
edges of the front condensers’ stator plates. 

After this adjustment has been once made, all 
the tuning will be done with the main dial and 
the resistance O will be used to control regenera- 
tion. Turning this resistance in a clockwise 
direction will increase regeneration and turning it 
in the opposite direction will decrease regenera- 
tion. 

The two inside rotatable coils in the coil units 
A and B should be adjusted for maximum signal 
strength, with the proper aor of selectivity, 
and for the proper amount of regeneration that 
can be controlled by the resistance O. 

The rotor of the coil A ‘should be reversed a few 
times until the best signal strength and the best 
selectivity is obtained. This can be done by 
inserting the finger down into the coil and turning 
the small rotor a Little bit at a time until the cor- 
rect setting is found. 

The same applies to the regenerator tickler 
mounted inside of coil B. This should be rotated 
until it is in the right position and until the 
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maximum signal strength is obtained, with a 
smooth control of regeneration. In Figure 13 is 
given a tuning chart that will show approximately 
where to set the dial for various wavelengths. 
Once a station is located its volume may be im- 
proved by setting the control O for the best signal 
strength. 

It 1s recommended that a cone-type of loud- 
speaker be used with the set. In the final analy- 
sis, results are the deciding factor in whether a 
receiver design will be popular and will continue 
to be regarded with favor. On the night of De- 
cember 28, at the home of Mr. Laurence M. 
Cockaday in a residential section of New York 
City, between nine and ten o'clock, some 34 sta- 
tions were logged with the four tubes, on a loud- 
speaker, without the use of headphones. Slightly 
later, when KFI came on, this station approx- 
imately 2800 miles away was brought in, to a 
crowded metropolitan area, with sufficient vol- 
ume to be heard throughout two good-sized 
rooms. 

The adaptability of the general design, as- 
sembled as it is on a 7 by 18 inch bakelite panel 
and a 7 by 17 inch bakelite sub-base, is astonish- 
ing. It may be placed in any type of console cab- 
inet or any other standard enclosure or, it may 
even be put in a portable case, since the receiver 
will operate with a small antenna—or with a long 
one with equal selectivity—say, anywhere from 
20 to 150 feet. If it is desired to receive the 
lower wavelengths, the short-wave coil sets 
should be installed in place of the two that are 
given in the list of parts accompanying this 
article. The tuning with these, however, re- 
mains the same for any wavelength range. 

The set is easily put together in less than an 
hour and will be found to be extremely selective, 
with great sensitivity, and fine tone quality. 
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A few months ago station WGBS of New York offered a prize for the best play written for 

production before the microphone. The winning script was entitled ‘‘Sue’Em," and tt was 

recently piven first presentation by the Provincetown Players in the studio of WGBS and 
was simultaneously broadcast from WIP and WGY. 
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Does the Moon Affect Radio? 


IN the early days of broadcasting there was a 
common opinion that distant reception was 
related in some way to the phases of the moon. 
Most radio engineers put this down as super- 
stition, although there were a few enthusiasts 
who took the matter seriously enough to keep 
records which proved (as might have been 
expected) to indicate nothing very definite. In 
those days distant reception was more or less a 
happy accident anyway. Any effects which the 
moon may have had on distant radio were covered 
up by other variables. 

It seems, however, that one British amateur 
has been keeping careful records more recently. 
The results are reported in a recent note by Mr. 
W. J. Turberville-Crewe,* who suggests that 
other observers do likewise. The one series of 
records available suggests that distant reception 
is better when the moon is on the wane than 
when it is increasing. 

Curiously enough, there are at least two ways 
in which the moon actually might influence the 
behavior of radio waves. One of these is by 
some magnetic action. The other is by the 
action of moonlight on the ionization of the 
atmosphere. 

The magnetic field of the earth is not an 
invariable thing. On the contrary there are 
well known alterations in the intensity and direc- 
tion of the magnetic forces with the hour of the 
day, the day of the month, and the like. Some 
of these variations are believed to be due to the 
sun, to the seasons and other factors but when all 
such have been eliminated there remain some 
variations which can be correlated only with the 
moon. The latest student to examine these lunar 
magnetic effects reports that they may be best 
explained as due to a tide created by the moon 
in the atmosphere of the earth, thus displacing 
the ionized zone which we call the Heaviside 
Layer.t Undoubtedly, this would somewhat 
affect radio as well as earth magnetism. 

* Wireless, the Moon and the’ Barometer.” by W.J 


Turberville-Crewe. Experimental Wireless (London), vol. 
2, page 901 (November, 1925). 


Moonlight, too, would have an effect some- 
what similar to the effect of sunlight, although 
proportionately weaker. It would tend to 
1onize the upper air, thus affecting once more the 
properties of the Heaviside region. Further- 
more, the light of the moon is partly polarized 
light. Its vibrations tend to be all in one plane 
instead of in all possible planes, as is the case 
with sunlight. There is some evidence that 
polarized light is a more effective ionizer than is 
ordinary light of the same intensity. 

All in all, the suggestion of Mr. Turberville- 
Crewe may be heartily seconded. A number of 
carefully kept diaries, showing the measured 
intensity of reception of selected distant stations 
as related to the position and phase of the moon 
might yield some interesting information. 


t''The Lunar Diurnal Magnetic Variation at Greenwich 
and other Observatories,” by S. Chapman. Philosophical 
Transactions of the Royal Society (London), vol. 225, pages 
49-91 (April 17, 1925). 


Solving Antenna Problems by 
Small-Scale Models 


THE problem of how much energy will be 
radiated by the antenna of a_ broadcasting 
station or by any other transmitting antenna is 
not only one of the most important of practical 
radio problems; it is also one of the most difficult 
to solve. The radiation is specified, of course, 
by the general laws of electro-magnetic fields, 
but unfortunately the mathematic expressions 
for the complicated antenna systems now in 
vogue are so involved and difficult that only a 
very few cases have yielded, so far, to the analytic 
skill of the mathematicians. And to experi- 
ment extensively upon the properties of actual, 
full-size antenna systems involves the long- 
continued use of installations which are urgently 
needed, in most cases, for commercial use. 

Thus arises the desirability of being able to 
experiment on radiation from small-size model 
antenna systems. That this is possible has been 
siggested by many radio engineers. Over 
three years ago an actual investigation was begun 
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by Professor J. Tykocinski-Tykociner of the 
University of Illinois. The results of this in- 
vestigation are now published in detail* and con- 
stitute an interesting and useful chapter of radio 
research. 

- The investigation depends upon the principle, 
which Professor Tykociner establishes both 
theoretically and experimentally, that the 
behavior of an antenna system is practically the 
same so long as the ratio between its linear 
dimensions and the wavelength of the oscilla- 
tions used is constant. For example, a three- 
foot antenna of a certain design, energized by a 
three-meter wave, will behave like a three- 
hundred-foot antenna of the same design ener- 
gized by the three-hundred-meter wave of a 
broadcasting station. The small antenna may 
be used to test the radiation or other properties. 
Conclusions thus obtained may then be applied 
to the design or operation of the larger system 
used with ordinary waves. 


_ *Preliminary reports were made before scientific meetings 
in 1923 and 1924. The full report is entitled, apreta 
tion of Antennae by Means of Models,” by J. Tykocinski- 
Tykociner, published as Bulletin number 147 of the Engi- 
neering Experiment Station of the University of Illinois, 
Urbana, I11., 60 pages, issued May 25, 1925, price 35 cents. 
We are indebted to Professor Tykociner for the photographs 
reproduced herewith. 
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Professor Tykociner’s experiments have been 
carried out, in the main, with model antennas 
energized with waves between three meters and 
six meters in wavelength. These waves were 
produced by vacuum-tube circuits showing con- 
siderable ingenuity in arrangement but not 
essentially different in principle from other cir- 
cuits arranged for the generation of ultra-short 
waves. The radiation from the model antenna 
systems and the losses and other features of such 
systems were measured, also, according to 
methods now in standard use for waves within 
this same high-frequency range. 

There is an instrumental novelty, however, 
in the form of a new variable condenser, designed 
for extremely short waves and which is said to 
obviate many of the well-known difficulties in 
using ordinary condensers with waves shorter 
than ten meters. The new condenser consists 
of two fully circular plates each of which is 
broken, along a diameter, by a small offset, like 
the step of a stair. When the rotor plate is 
rotated, the proportion of the two plates which 
is farther apart by the amount of the offsets 
is increased or decreased, thus altering the 
capacity by a small amount and without as much 
disturbance from the body capacity of surround- 
ing objects as is inevitable with condensers of 


A SMALL-SCALE MODEL OF A FLAT TOP ANTENNA 


By this model and others like it Professor Tykociner, of the University of Illinois, has been 
able to study the properties of different antenna systems without building complete full-size 


antennas. 


Very short waves are used, so that the small antenna will behave as does a large 


antenna using longer waves. 
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more usual design. The wavemeter used with 
the apparatus consists of one of these condensers 
mounted with an inductance consisting of a 
single loop of brass strip. 

The whole system of short-wave generator, 
instruments and model antennas has proved 
valuable, Professor Tykociner reports, both in 
radio instruction to students and in the practical 
study of antenna problems. It is probable, too, 
that it would prove useful as equipment for 
fundamental researches in wave radiation and 
ropagation. Amateur experimenters searching 
or new worlds to conquer in radio research are 
recommended to study Professor Tykociner’s 
experiments and to consider building some 
similar small-scale models of their own. 


Mine Finding by Science 
THE hope that radio waves might be put to 
practical use in exploring the rocks of the earth 
and in finding valuable minerals or veins of preci- 
ousore has been disappointingly slow of fruition.* 
*For an account of some possibilities, see: “Finding Mines 


by Radio,” PopuLar RaDio for September, 1924, pages 
238-245. 


AN ANTENNA LABORATORY 


Iere is where Professor Tykociner (seated at the 
desk) and his assistant, Mr. L. P. Garner, have 


carried out their studtes with model antenna 


Systems, 


POPULAR RADIO 


This possible application of radio is still in the 
stage of discussion and hopes. The difficulty 
appears to be that much fundamental scientific 
work must first be done merely for its own sake 
and without hope of immediate reward. No 
one has been found to do this. It is easier— 
and more profitable—to construct some com- 
plicated and impressive modification of the old- 
fashioned, and useless, divining rod. 

However, there does appear to be important 
progress in the use of another method of under- 
ground exploration, that by gravity. Geologists 
have known for many years that the force of 
gravity at the earth’s surface is not everywhere 
the same. Some parts of the earth appear to be 
underlain by heavier rocks, other parts by lighter 
rocks. The differences are slight, far too slight 
to be detected by ordinary ‘scales. Nevertheless, 
they can be detected by delicate instruments, 
especially by a device known as the Eötvös 
balance. The use of this balance is slow and 
l:borious but it is possible by its aid to map the 
intensity of gravity over any desired part of the 
earth's crust. 

It has been found that such a gravity map 
supplies a certain amount of data of value in 
infering the existence of underground mineral 
deposits.{ For example, salt has a lower density 
than most rocks. Above a salt deposit there will 
be a slight decrease of gravity. And, since sak 
is sometimes associated with a certain kind of oii 
deposit, this fact may be useful in prospecting for 
oil. The method is now in use and ‘has proven 
of some value although in this case, as with the 
radio methods, the need is for much additional 
scientific information before practical application 
can be direct and perfect. 

It is a pity that among the hundreds of organi- 
zations and individuals who annually spend 
millions in searching for new mines none can be 
found to undertake the scientific study of the 
radio possibilities. There could be no guarantee 
of financial profits. Profits often dodge the 
scientific pioneers and find a lodging elsewhere. 
But there would be, at least, the consciousness 
of having donea worth-while job for radio science. 
“$The Eötvös balance and other modern devices fer 
scientific prospecting are described briefly in a recent 
article entitled ‘Bured Treasure,” by Albert G. Ingalls, 


The Scientific American (New York), vol. 133, pages 392- 
393 (December, 1925) . 


What Pushes a Wheelbarrow? 


Sir Oliver Lodge is unique among scientific 
men in his gift for finding the picturesque phrase. 
He has done it again. In the Norman Lockyer 
Lecture on “The Link between Matter and 
Matter,” delivered before the British Science 
Guild on November 16, 1925, he urged upon the 
scientists there assembled the fundamental pro- 
fundity and importance of so simple a question 
as that of what pushes a wheelbarrow. 

“I am going to suggest,” he said, “that the 
pressure of light may have to be taken into ac- 
count before the most ordinary operations of 
daily life, even the propulsion of a wheelbarrow, 
are properly explained.”* 

*The lecture was reported in the London and the New 
York newspapers of November 17, 1925. A portion of it 
is summarized in “Hypothesis about Push or Contact 


Force.” by Sir Oliver Lodge, Nature (London), vol. 116. 
papes 869-871 (December 12, 1925). 
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ANOTHER SMALL-SCALE ANTENNA MODEL 


This photograph shows the model of a T-shape antenna, the drive being from the center. 
The mathemattcal equations for the operation of most shapes of antennas are difficult to 


solve; some are impossible. 


For such antenna systems a little advance work wit 


models 


may save much trouble after the antenna is erected. 


Under ordinary circumstances the pressure of 
light is a very tiny force. It required, indeed, 
the most delicate and laborious physical experi- 
ments to prove its existence.{ Only with very 
minute particles, like those driven backward in 
the tails of comets by the sunlight, does the pres- 
sure of radiation become sufficient to influence 
the movements of bodies in our ordinary world. 
But all this may be very different, Sir Oliver sug- 
gests, when we deal with the world of very tiny 
dimensions close to atoms. 

One of the great mysteries of physics is the 
mystery of what keepsatomsapart. When you 
push a wheelbarrow, to continue Sir Oliver’s 
striking illustration, the atoms of your hands do 
not actually touch the atoms of the wheelbarrow 
handles. If these did really touch they would 
always thereafter stick together, unless, indeed, 
they mutually blew up and vanished. The very 
fact that atoms continue to exist proves that 
they do not touch each other so closely that the 
roe electrons inside them interfere with each 
other. 

What keeps them apart? What is it that 
transfers the pushing force from your hands to 


~ $For an account of the discovery see: ‘Why the Sun 
Makes Possible Long-Distance Wireless,’’ POPULAR RADIO, 
vol. 1, pages 249-255 (August, 1922). 


the wheelbarrow handles, even while the indivi- 
dual atoms of the two are still relatively far 
apart? Sir Oliver suggests that it may be the > 
pressure of radiation. 

We know very little about the radiation given 
off by atoms but one fact of which we do feel 
fairly sure is that radiation, for example the 
emission of light, is a symptom of atomic trouble. 
When an electron shifts its position inside an 
atom, light may be given off. When an atom 

*disrupts, X rays or gamma rays or some other 
radiation may be given off. It is possible, Sir 
Oliver thinks, that when two atoms come too 
close together this near approach initiates some 
kind of profound change in the internal electron 
orbits and that this change, in its turn, produces 
a momentary radiation of light or of some other 
ether wave which radiation is intense enough to 
keep the atoms from further approach merely by 
virtue of the pressure of light. 

All of this takes place, of course, in the very 
tiny spaces in and near the atom. None of it is 
perceptible to our coarser senses, except as the 
resultant cumulative effect is made evident in 
such interactions as the ability of our hand to 
push successfully against a wheelbarrow. It is 
curious that we push things only by the aid of 
light rays but it may easily be true. 
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New Tests on Amplifiers 


CAREFUL scientific tests of the exact perform- 
ance of radio instruments are so rare that each 
new piece of work is of importance. One has 
just appeared as a product of the program of the 
Radio Research Board, in Great Britain, carried 
out at the National Physical Laboratory.* 
Methods have been developed for the testing of 
the amplification and input impedance of audio- 
frequency and radio-frequency amplifiers, em- 
ploying vacuum tubes. A few preliminary tests 
have been made, also, on the causes and occur- 
rence of distortion in audio-frequency amplifiers. 
All radio experimenters interested in precise 
testing methods should consult the paper. 


*’The Performance of Amplifiers,” by H. A. Thomas 
Paper delivered before the Institution of Electrical Engi- 
neers, London, December 2, 1925. The paper willappear in 
full in the Proceedings of that Institution. 


The Wind of Ether Past 
Our Earth 


THE American Association for the Advance- 
ment of Science, an organization comprising the 
majority of the active research workers of the 
United States, holds an annual mecting in the 
week of Christmas and New Year's. For the 
past three years an anonymous friend of the 
Association has provided a prize of one thousand 
dollars, to be awarded for the most important 
contribution presented before the annual meet- 
ing. This year the meeting was held at Kansas 
City, Missouri, and the annual prize was awarded 
for a paper which has great interest for the radio 
public. 

The paper was by Professor Dayton C. Miller, 
of the Case School of Applied Science, at Cleve- 
land, Ohio. Its subject was the complete report 
of Professor Miller’s important and surprising 
experiments on the actual detection of the ether 
by physical means.* 

These experiments are based, it will be 
remembered, on the idea that if the ether is a 
real thing there must be a vast wind of ether 
blowing through and past our earth as it swings 
along through space. Imagine an airplane 
flying through the air. As everyone who has 
been in an airplane knows, there is a wind of 
tremendous force blowing past the airplane so 
long as it is in flight. There is no difficulty in 
detecting this. Indeed, the existence of this 
wind constitutes one of the most uncomfortable 
fe:tures of flying. 

As soon as the physicists had formulated any 
idea of the ether at all it occurred to them that 
there ought to be a similar wind of ether past the 
moving earth. We would not detect it, they 
agreed, as the ether probably permeates all 
material things, including our bodies. It would 
blow right through us, as the wind blows through 
a fence of chicken wire. But it ought to be 
possible, scientists agreed, to detect this wind of 
ether by physical experiments. Many such 
experiments were tried. All of them failed, 
including the famous Michelson-Morley experi- 


*Professor Miller's preliminary report of these experi- 
ments has already been noted in this Department, “Two 
Important Experiments on the Ether and Relativity,” 
POPULAR Rapio for September, 1925, pages 286-287. 


_ will help to make this clear. 
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ment which is one of the chief foundations of the 
Einstein theory of relativity. The failure of 
these ether-wind experiments is one of the main 
reasons why a fraction of the scientists have 
followed such men as Steinmetz in the conclusion 
that the ether is an illusion and does not exist at 
all. 

Professor Miller was never of this group. He 
has persisted in experimental effort: to detect 
the ether wind. At last,after nearly forty years 
of work, he believes that he has succeeded. In 
berest outline, his method involves the measure- 
ment of the speed of light in different directions. 
Light travels in the ether (if there is any ether) 
and the speed of light. ought to be affected by the 
speed of the ether itself, relative to the observer. 
If a wind of ether is blowing past the observing 
station, the speed of light across this wind ought 
to be a little different from its speeds with or 
against the wind. 

Professor Miller’s experiments have been 
carried out on Mount Wilson, in California, 
where the great astronomical observatory is 
located. A variation of the speed of light has 
been found, just as was predicted. The amount 
of this variation corresponds, Professor Miller 
reports, with the position of the earth in its orbit; 
that is, with its direction of motion relative to the 
direction of the supposed ether wind of space. 
All of the data, including over one hundred 
thousand observations, agree with the hypothesis 
that there actually is an ether wind blowing past 
the top of Mount Wilson where the tests were 
made. 

The fact that this wind was not detected by 
the earlier experiments, made close to sea level, 
is probably due, Professor Miller believes, to the 
fact that the part of the ether close to the earth 
is more or less dragged along with the earth as 
it moves. Think again of the flying airplane. 
Inside the structure of this machine there is 
little or no perceptible wind. The air there is 
dragged with the plane. Close to the outside 
of the plane the wind is perceptible but relatively 
weak. This air is partially dragged with the 
plane. You must reach out a foot or two from 
the fusilage before you feel the full strength of 
the wind that is actually blowing past. 

It is just so, Professor Miller thinks, with the 
earth. Inside the earth the ether is largely 
dragged along with it. Close to the surface the 
drag is still considerable. One must climb a 
fairly high mountain before the wind of ether 
becomes fast enough, relative to the earth, to be 


- detected by physical apparatus which we know 


how to build. 

From Professor Miller’s figures it has been 
possible, also, to calculate the speed and direction 
of the motion of our whole solar system relative 
to the ether. Again the analogy of the airplane 
Suppose that there 
is no wind, really, so that the wind which the 
aviator perceives comes entirely from the motion 
of his airplane. Suppose, further, that the 
aviator cannot see the ground or determine in 
any other way the nature of his motion through 
space. But grant him a set of wind-measuring 
instruments which tell him the amount and 
direction of his movement through the air. 
Then, by the simple device of circling about a 
little and reading his wind instruments, he can 


IN THE WORLD'S LABORATORIES 


# ad # 
. A a 
aa r 
j ; : Á 


From a drawing made for POPULAR RADIO by Arthur T. Merrick 


277 


OUR EARTH AND ITS WIND OF ETHER 
| Rd ts filled with ether, as many scientists still believe, the motion of the earth and of 
t 


solar system must create a great wind of ether blowing past our globe. 


Professor Miller 


believes that he has detected this ‘‘ethertc wind,” as is described on the preceding page. 
Inside the earth and close to tts surface the wind is believed to be less fast, the ether being 
dragged along, partially, with the earth. 


Aetermine how fast and in what direction he is 
moving relative to the air stream. 

Professor Miller has done this for the earth. 
The movement of the earth in its orbit provides 
the necessary circling. The ether-wind measure- 
ments provide the rest of the data. The con- 
clusion is that our entire solar system is flying 
through the ether at the tremendous speed of 
120 miles a second in the direction of the constel- 
lation Draconis. Or, what is the same thing, 
the ether wind is blowing past our system with 
this speed and in the reverse direction. 

If these results of Professor Miller stand the 
test of repetition and criticism they will con- 
stitute, it is safe to say, the most important 
piece of physical work since the discovery of 


radioactivity. They amount to a proof that the 
ether is real. Our theories of radio waves, of 
light, of gravitation and of most other physical 
fundamentals must take this fact into account. 
We must search for the nature of the ether. Is it 
composed of tiny flying particles? Is it a con- 
tinuous medium, like a jelly? Does the electron 
consist of condensed ether or is it a vacuum in 
the ether? We will no longer be able to evade 
these problems by the assumption that the ether 
is merely a device for thinking, without actual 
physical existence. 

As yet, not all the physicists agree with Pro- 
fessor Miller. They suspect that some error 
mav have crept, unnoticed, into his observations. 
Only one thing will determine this—the inde- 
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pendent repetition of the experiments. It is to 
be hoped that this will be undertaken imme- 
diately by competent experts. Meanwhile, the 
award of the Association’s prize to Professor 
Miller is an indication that the Committee of 
Award, which included Professor K. T. Compton, 
one of our most competent physicists, considers 
the new experiments as worthy of the utmost 
respect. 


More Experiments with 
Oscillating Crystals 


THE crystal oscillators invented last year by 
the Russian radio engineer, Mr. O. V. Lossev,* 
have continued to attract the attention of Euro- 
pean investigators. It is reported that circuits 
based on this phenomenon are becoming popular 
in Russiaf and three British investigators have 
recently published the results of tests with 
similar hook-ups.§ One of these British in- 
vestigators, Captain H. J. Round, is so well- 
known as a competent radio engineer that his 
results have unusual interest. 

It is quite possible, the Captain reports, to 
maintain oscillations in a circuit containing a 
crystal of zincite and a source of electric en- 
ergy, the contact of the zincite and the cat- 
whisker serving as the gencrator of the oscilla- 
tious. However, such oscillators are instable 
and delicate and sensitive points on the zincite 
crystal are hard to tind, much harder than 
sensitive points on the ordinary galena crystals 
used for reception. Pure, crystalline zinc oxide 
(zincite is the impure zinc oxide found in 
nature) is even better than natural zincite. 
The conclusion implied by Captain Round’s re- 
sults is that the Lossev oscillators do not offer, 
at present, any advantage over the familiar tube 
oscillators, although they may be worth the 
attention of experimenters. 


*See “The New Crystal 

Raprio for November, 1924, page 507 
t“The Oscillating Crystal,” by C. Nicolaieff. 
Popular Wireless (London), voL 7, ‘pages 45-46 
Sn 5, 1925). 

‘New Facts About Oscillating Crystals.” by H. J. 
Roan and N. M. Rust. The Wircless World (Lon- 
don), vol. 17, pages 217-218 (August 19, 1925). 
“Practical Crystal Oscillator,” by L. L. Barnes. 
The Wireless World (London), vol. 17, pages 275- 
279 and 331-334 (September 2 and 9, 1925). 
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Do .Millikan Rays from Spiral 
Nebulas Cause Air Ions? 


THAT rays of the new ultra-short variety 
recently discovered by Professor Millikan* may 
originate in spiral nebulas billions of miles away 
in space and that these rays may be responsible, 


‘in large part at least, for the phenomena of our 


Heaviside Layer are the suggestions offered in a 
recently published letter by Dr. J. H. Jeans, the 
distinguished British astronomer and physicist. 

The source of the Millikan rays is hkely to be, 
Dr. Jeans agrees, some profound atomic trans- 
formation such, for example, as the umon and 
resultant annihilation of an electron with a 
positive nucleus or proton. It has long been 
suspected by the astronomers that this actually 
takes place in the interiors of the hotter stars, 
possibly of all stars, and that it is responsible in 
part at least for the supply of energy which the 
stellar suns pour out so lavishly into space. 
In the case of an ordinary star, Dr. Jeans points 
out, the very high-frequency rays detected by 
Dr. Millikan could not escape from the star in 
any quantity, even if they were generated within 
it. The matter of the star itself would be opaque 
to them. The only radiation which escapes is 
that originating near the surface of the star. 
This constitutes ordinary starlight. 

“On the other hand,” Dr. Jeans writes, ‘‘there 
are astronomical bodies which are transparent to 
ordinary ligh ad probably also to high-fre- 
quency radiatfen.. The most obvious examples 
are the irregular nebulas, such as the Onon 
nebula and the shells of the planetary nebulas, 
but the most important to cosmical physics are 
the spiral nebulas. * * * These nebulas 
must be almost completely transparent to newly 
generated radiation, so that practically the whole 
of the radiation they generate will escape into 
space without any change of wavelength. Space 
must be filled with such radiation, and its pene- 
tration into our atmosphere would seem to pro- 
vide a natural explanation of the highly A a 
ing radiation recently investigated by Millikan.” 


*The discovery of these rays by Dr. Millikan was de- 
scribed in this Department last month, PoPpULAR RADIO 
for February, 1926, pages 162-163. 

t'Highly-Penetrating Radiation and Cosmical Physics,” 
by J. H. Jeans. Nulure (London), vol. 166, page 861 


(December 12, 1925). 
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CAPTAIN ROUND'S CIRCUIT FOR CRYSTAL AMPLIFICATION 


Circuit B is an ordinary crystal detector one. 


The amplifying circuit ts marked A and 


contains the zincite oscillating crystal 3-4,a@ .0002 microfarad condenser (marked 2), a 
resistance variable in small steps up to 12,000 ohms and a battery cf from 30 to go volts. The 
antenna circuit is tuned by the two low-loss condensers marked 7 and 8. 
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PERHAPS THIS IS A SOURCE OF MILLIKAN RAYS 


Diffuse, cloud-like nebulas are suggested, together with the more familiar spiral nebulas 

as possible sources of the newly-discovered very short rays from space. The two cloud nebulas 

shown here were photographed by Professor Barnard in the constellation of Cygnus, the Swan. 

The streak is the trail of a meteor which happened to cross the sky while the exposure was 
being made. 


Calculations of the probable rate of genera- 
tion of the Millikan radiation in the spiral 
nebulas and the probable intensity of such 
radiation reaching the earth agree reasonably 
well, Dr. Jeans goes on to say, with the observed 
facts, both the facts recently disclosed by Dr. 
Millikan and the facts of ionization in the earth’s 
atmosphere. 


It is these latter facts which are especially 
important for radio theory. The action of the 
ultra-short rays on matter is extremely severe. 
Atoms are disrupted; electrons are shot out at 
speeds approaching the speed of light. Exposure 
of living creatures to intense beams of the Milli- 
kan rays for a few seconds would probably result 
in immediate death. The atoms of the air at 
high levels above the earth’s surface are so 
exposed to these ultra-short rays arriving from 
space. Many of these atoms will be ionized; 
ionization consisting, you remember, in the 
ejection of one or more electrons from the atom 


so that the atom itself is left with a positive 
charge. 

This production of negative charges (the 
ejected electrons) and of positive charges by 
ionization is what creates, we believe, the Heavi- 
side region of the upper air which region is so 
important in modern theories of long-distance 
radio transmission.* If Dr. Jeans is right in 
his suggestions it may well be that transatlantic 
radio is possible at all only because of atomic 
explosions which create ultra-short radiation in 
vast spiral nebulas more than a hundred thousand 
light-years away, for that is now the astronomer’s 
estimate of the usual distance of such objects. 

Seldom has science presented us with a more 
vivid conception of the grandure of the universe. 


*For an account of the effects of air ionization on radio 
transmission see: ‘‘How the Air Affects Radio,” POPULAR 
Rapio for September, 1925, pages 199-206, and ‘‘How 
Earth Magnetism Affects Radio Waves,” by H. W. 
Nichols and J. C. Schelleng, Poputar Rapio for Octoter, 
1925, pages 309-316. 


Kadel & Herbert 


A PRINCE PERFORMS BEFORE “MIKE” 


Between the motion picture that brings the royal presences before the eyes of their subjects, 

and the radio which brings the royal voices into their subjects’ ears, it is becoming more and 

more necessary for kings and princes lo play their parts by acquiring both the presence and 

the voices of skilled actors. Prince Wilhelm of Sweden is here shown broadcasting some of 
hts own poems. 


The BROADCAST LISTENER 


Comments on radio programs, methods and technique 
—from the point of view of the average fan 


By RAYMOND FRANCIS YATES 


A Year’s Supply of Holiday 
Hymns 


UNLESS you are a great body for Christmas 
carols (no, we’re not exactly crazy about them) 
you probably got enough of them during the 
recent season to carry you well into the New 
Year. Since Xmas hymns and the like take a 
position near the end of our personal scale of 
entertainment, we took on enough carol material 
during the recent high tide to last us way, way 
into 1929, If it should happen that not a single 
broadcaster should use any Xmas song stuff 
during the week of December 25, 1926 (that’s a 
highly speculative thought, isn’t it?) our present 
supply would still be fresh and crisp. That’s how 
the big Xmas programs of the broadcasters 
scored up here. 

We have it from a pretty reliable source (the 
big throat lozenge people tipped us off) that 
thousands and thousands of members of quartets 
spent the entire month of January repairing the 
damage that 4,562 renditions of ‘‘Silent Night” 
had done to their voices. The records held by 
“At Dawning” and “By the Waters of Minne- 
tonka” were easily broken and our statistical 


department is now busy re-arranging its records. 
According to present figures, ‘“‘Silent Night” tops 
the list, with “At Dawning” second. ‘Vincent 
Lopez is also reported making a fine showing 
with “Wildflower.” We already know where a 
little Lopez money may be had. 

zx * * 


A Group of Real Creative 
Radio Artists 


IF WE were going to spend five thousand dollars 
a night on the radio, seeking out the haughty 
virtuosi of the musical world would be one ofthe 
very last things that we should do. We are of 
the opinion that a radio show can be given a full | 
five-quart sound by the use of many other tricks. 

If we were asked (probably we never shall be 
asked) to mention the organization making the 
greatest contribution to radio theatricals we 
should immediately put down the Eveready 
artists. Here is an intelligent effort to improve 
the art. Since its very first program, the Ever- 
cady organization has attempted to pile up new 
experience and it is responsible for more new 
effects and schemes than a Hotel Commodore 
full of studio impresarios. 
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Will Radio Have a Sex Problem? 


NowabDay our Broadway shows are not com- 
plete unless some wild-eyed butter and egg man 
is chasing a Mrs. Babbitt around her Louis 
XVth bedroom. The sex garbage of every court 
procedure is dramatized with Howitzer head- 
lines in our newspapers and our movies do little 
more than depict the loose sex ethics of what is 
to our directors the Hispano-Suiza stratum of 
society. The sex language in our novels is as 
plain as the story of Little Red Riding Hood and 
characters are incessantly calling themselves or 
other people dirty names. 

With all of this odoriferous stuff going down 
the chute to public consumption, we should feel 
pretty happy in the thought that radio is still a 
virgin source of entertainment, free from the 
Hearst-McFadden-Woods-De Mille notion of 
heavy appeal. If radio goes sex, this country 
will in ten years make the Roman debauchery 
look like a sorority dance. A few stations have 
at times been a little “fresh” but in general the 
record of radio has been delightfully clean and 
free from anything with a pink appearance. 


* & * 


A Novel in Fifteen Minutes 
by Radio 
THat wholly ingratiating litterateur, Cosmo 
Hamilton, believes that we are approaching the 
day when novelists will compress their plots into 
a hfteen-minute volume for radio presentation. 
Mr. Hamilton, it seems, has decided that the 
age of reading has passed and that this lazy human 
race will in the near future want its reading 
matter poured into its ears in fifteen-minute 
doses. Mr. Hamilton recently tried the idea 
from WJZ with a literary minuet he called 
“Sons and Mothers.” Our Intelligence Depart- 
ment has not as yet had the time necessary to 
fully investigate the results of this pioneer move 
but in the absence of this material we are going 
to take a chance in saying that the thing came 
retty close to being a flop, even though Mr. 
amilton did succeed in obtaining a front page 
story in the New York Times. It has been 
whispered around that Mr. Hamilton was more 
interested in getting on the front page of the 
Times than ‘he was in convincing the world that 
ninety-thousand page novels would soon go the 
way of celluloid collars and Mah Jongg. 


s+ e * 


Why Thousand-dollar-a-night 
Voices Sound That Way 


THOSE who have religiously followed these 
little diamond studded paragraphs have probably 
noticed our poignant criticism concerning the 
appearance of so many musically inclined Joneses 
and Smiths on the air. Here again the virus of 
doubt has entered our system and we are about 
(not quite, but about) ready to admit that 
Sadie Tene who comes to the studio with a Ford 
and galoshes impresses us almost as much as 
her silver-slippered sister who arrives with her 
limousine, photographer and publicity man. 
We have asked ourselves frankly and honestly if 
we really can notice anything existing between 
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the voice of Sadie and Gabriella that could be 
called a whale of a difference. We confess 
publicly and unashamed that, as far as the radio 
is concerned at least, the heavy efforts of practi- 
cally all of Sadie’s expensive sisters entirely elude 
our sense of musical appreciation. Perhaps we 
can save a little of our grace by admitting that 
we do detect a difference in technique, but the 
question of voice quality finds us sitting on the 
old board fence. This will pelea be a big 
disappointment to those who have thought right 


© Goldensky Studios 
RE-SOUNDING THE TOCSIN OF 
FREEDOM 


Perhaps the fear that Americans, deluged with 
prohibition laws, censorship and other restrictive 
legislation, might forget the spirit of liberty that 
fired their forefathers inspired station WIP to 
broadcast the ringing of this liberty bell on New 
Year’s Eve. Mrs. Freeland W. Kendrick, the 
wife of the mayor of Philadelphia, sounded its 
tones—gently, with a tiny rubber mallet. 
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along that we were a musical connoisseur with 
highfalutin ideas. 

When we came to this big decision, we were 
thinking of Johnny Fish in Penn Yan, N. Y. 
Johnny built his own ‘‘two tuber” from the Wool- 
worth-Kresge supply base and he has something 
which he thinks in his Penn-Yan way is pretty 


nice. And let us tell you that you can see the 
aerials of thousands of Johnny’s counterparts 
from the windows of the Sixth and Ninth 


Avenue “L’s.” On Johnny’s radio set a voice 
is a voice and hardly that. The quality of a 
voice, in Johnny's ears depends solely upon the 
label you put on it. If you say it is Sadie, it is 
‘‘punk’”’ but if you say it is Gabriella, it is 
“‘great’’—largely because the name sounds 
expensive. t the announcer say that such- 
and-such a voice is one of the accessories of the 
Metropolitan Opera House and all of the 
Johnnies in the country will sit enthralled before 
their horns. 

What we have been trying to tell you, Dear 
Reader, in case you have been unable to find out, 
is that 95 out of every one hundred radios 
reproduce badly. So badly in fact, that any 
registration of real art in singing is usually 
impossible. Of course, there is some solace in 
the knowledge that we have so many goofs in 
this country who fall for foreign-sounding names 
and Rhinestone headbands. 


+ * g 


The Problem of Announcers Again 


Just as this Department was beginning to feel 
that it had the announcing situation well fixed 
and that all of our little big men in the studios 
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knew exactly what we thought of them, a few 
high school girls sent Mr. Norman Brokenshire 
(WJZ) some silly mash notes, and now we have 
another very bad case on our hands. 

Mr. Brokenshire has never made what you 
could call a staggering hit with us for we have 
felt that this young man was always pretty sure 
that it was Mr. Brokenshire pekak and that 
Mr. Brokenshire was a very erudite person. 
If we sat down to write a column that read like 
Mr. Brokenshire talks we should sooner or later 
expect to be exposed. 

e don’t know what there is about the radio 
that makes announcers feel so important and 
makes them want to talk like millionaire gradu- 
ates of Oxford. Mash-notes is about the only 
solution that we have. The cheapest and saltiest 
ham that ever played the lead ın that stirring 
drama, Bao Down East,” probably felt the 
same way when the high-school girls of Little 
Falls wrote to tell him what a perfectly wonderful 
guy he was. 

It is not in the heart of this department to 
write to Mr. Brokenshire to tell that we know 
that he is not as ritzy or as blasé as he would try 
to have us believe. 

We cannot close this exposé without registering 
another protest. We wish Mr. Brokenshire 
would stop trying to be funny. Sometime ago 
this young man asked the orchestra for which 
he was announcing to play “A Cup of Coffee, A 
Sandwich and You.” When he turned to ‘‘the 
boys” and asked them to ‘‘coffee up, coffee up, 
now,’ this sour old thing rolled off an oath that 
was nothing short of scandalous. 

That shows what kind of a listener to good 
humor we are. 


IT'S NOT ALWAYS WORK IN THE WORKHOUSE 
Radio furnishes entertainment for the inmates of the Southwark Workhouse in England. 
An old phonograph horn has been pressed into service as a loudspeaker. 
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Pacific & Atlantic 


SPREADING A POLICE ALARM THROUGH THE ETHER 


When this set of bells (which is tuned to selected frequencies) is rung into the micro- 

phone of station WHO of Des Moines, Iowa, tt causes a white light to flash in 

specially constructed receivers placed in all police stations, In this way a police alarm 

may be spread and descriptions of criminals broadcast the moment a crime ts reported. 
The whole State of lowa is covered by this system. 


A Silent Night in New York? 


WHEN the news that the Chicago listeners 
were out on some sort of a strike came, (that 
does sound foolish, doesn’t it) we thought 
that the sloppy broadcasting in the Chicago dis- 
trict was responsible for it. We confess that 
we cannot quite apply. the same theory to a 
communication now laying on our desk signed 
by some mysterious “Citizens Radio Commit- 
tee” and announcing the beginning of a move- 
ment to bring about a silent night tn Greater 
New York. Like the Chicago affair, the move- 
ment is supposed to represent the wailing of 
thousands and thousands of injured listeners 
who, caring not a durn about what the majority 
may desire, set out to inveigle the broadcasters 
into the belief that nothing but a silent night 
will save the radio business from positive ruin. 
As in the case of prohibition and a dozen other 
evils growing from like sources, it is the noisy 
and cranky minority that carries its point. 

We publish herewith, part of the letter re- 
ceived from this “vast” and peeved body (which 
appears suspiciously like the efforts of a single 
person floating under a self-appointed Execu- 
tive-Chairmanship) : 


“Dear Sir: 

“Like every American institution, the broad- 
casting station is a product of public opinion, 
a reflection of popular desire. A broadcasting 
station, if it is to function properly and per- 
form a real service, must supply what its 
patrons desire and in a satisfactory manner, 
not what its sponsors belicve is proper. The 
only barometer of the public’s opinion is the 
verdict of the listener. 


“In the silent night controversy the real 
reasons, purposes and benefits are: 

“First of all, the listeners; they are the ones 
who, through the purchase of their sets and 
parts, made the industry what it is today. They 
have spent millions of dollars for apparatus 


which has given the industry the wherewithal 


to:develop the science. . . 

“These listeners are spending thousands of 
dollars in telegrams, phone calls and letters to 
encourage the station and make for the better- 
ment of radio, and every fair-minded station 
realizes that it must please the listeners if it is 
to have a large regular happy. and satisfied audi- 
ence. 

“There are many other reasons why the lis- 
teners’ wishes should be satisfied. They cer- 
tainly have their rights which should be re- 
spected. Silent night is not being requested 
for the express purpose cf eliminating inter- 
ference of one station with ancther; that is 
a matter for the United States Government, 
which is ably handling the matter. 

“It is not a matter that requires technical 
tests, as some have suggested, nor is it a matter 
of teaching the fans how to tune their sets as 
some others have suggested. That is being 
taken care of and the fans are rapidly learning 
the art. | 

“When several stations in a certain area, 
eee within the magnetic field of each other, 
are broadcasting at the same time, a general 
interference is set up, which prevents a great 
many in that area from cutting through for 
DX stations with any kind of satisfactory pro- 
gram. If the wave band of any one of these 
stations is close to that of a DX station, then 
it is almost impossible for many to bring in 
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the distant stations, and if they do get it, 
reception is marred or spoiled. Therefore, 
those without ‘supers’ should be considered. 

“The solution of the problem seems to hinge 
on the selfishness of different factions among 
the listeners in and the broadcasting stations. 
Those with ‘super’ sets receive out-of-town 
stations seven nights a week, while those owning 
less efhicient sets merely ask for one night, 
Friday, after 7 P. M. 

“I have spoken to several owners of broad- 
casting stations with regard to advertising pro- 
grams. I do not want them to misunderstand 
my statements. Every broadcasting station 1s 
an advertising medium and it makes no dif- 
ference to the listener 1f everything they broad- 
cast is paid for, for they realize that no one 
is going to invest the money necessary to 
install a station and operate it just for the fun 
of it or the pleasure the public will get out 
of it. It would be unreasonable to think this. 
It is a business proposition with the stations, 
and we hope everyone will be able to make 
a great profit on the investment. 

“I want it understood that the Citizens’ 
Radio Committee, sponsoring this drive for 
a silent night, is in no way antagonistic to 
the broadcasting stations. It has on every oc- 
casion offered its cooperation and assistance 
to them in every way possible, for that is the 
very purport of its platform. Some stations 
have realized this and expressed their thanks 
to us. 

“The listeners do not want to be unfair or 
unreasonable. All they ask is the co-operation 
of the stations, to consider the privileges they 
are entitled to. 

“The majority must govern, selfishness cannot 
be considered. 


“Respectfully, and 73s 
“JoeL J. MICHAELS, 


“Executive Chairman.” 


A radio receiver becomes a mere toy in the 
hands of a certain class of listeners. They care 
nothing about the merit of the local perform- 
ances; they are animated by some sort of a kid 
passion to reach out and see how many stations 
they can log. In the average case they manage 
to catch nothing but the call letters but, in their 
kidlike enthusiasm they call that radio reception. 
Ask an engineer who knows his business (and 
be mighty careful whom you ask these days) 
and he will tell you that perfect radio reception 
is impossible over a distance of 100 miles. He 
will tell you further that music loses its edge 
and beauty. It becomes “thin” and the tendency 
toward distortion in the average receiver is 
great. 

We are that type of body known as a stay- 
at-home when it comes to radio, for, if we do 
say it ourselves, we turn a frightfully critical 
ear toward our cone. Distance means no more 
to us than the saving of cigar bands or marbles, 
and yet it may come to pass that the kinder- 
garten class of radio listeners will win out, 
and we shall have to spend one evening a weck 
at the movies. The plan for the silent night 
does not sound 100 percent American to us and 
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we believe that we shall turn the entire matter 
over to the Klu Klux Klan. 

It is inconceivable that anyone but a clique 
of cranks could feel that a silent night in New 
York would be an ingratiating asset to the radio 
art. It is odd, isn’t it, to see the will of the 
minority spending its force here and there with- 
out regard for consequences and certainly 
without respect for the rights of the majority. 
We take it that the little boys who started this 
movement have not stopped to give a thought to 
the hundreds of thousands of people outside of 
New York City, who depend night after night 
upon the Metropolitan stations for their enter- 
tainment. And what would our whimpering 
laddv-bucks say if they should gain their point 
(God forbid!) and they go out to search for 
distances only to find that their boy friends in 
several other large cities have noised the broad- 
casting off the air? It is not difficult to sce 
that this long-distance fishing game will defeat 
itself in time but it seems that it is up to us to 
prepare an ABC treatment on the subject so 
that all the members of the Radio Boy Scouts 
will surely understand. 


* * * 


What Percentage of Light Music 
Does a Program Need? 


WHEN our publicity boys at the radio studios 
get hard up for ideas, they sit right down and 
pou off about four and one half gallons of 
iterary near-beer dealing with the big, vital 
subject of “Jazz vs. Classical Music.” ‘These 
heavy manuscripts usually start out like this: 

“King Jazz is slipping,” or, if the studio hap- 
pens to be in the jazz market, “Jazz is holding 
its own with the listeners of the United States.” 

This and the subject of radio movies can pass 
the guard of any editor from the New York 
Times to the Oshkosh Record. 

There was a day, and not long ago, when this 
department talked nasty about jazz—calling it 
by some presumably funny name. That just 
shows how silly and inconsistent you can be if 
you don’t watch yourself all of the time. Here 
we are just waking up after four years of being 
Bached, Schuberted, MacDowelled and Wagon- 
ered to a point where we are simply as limp as a 
rag—the music has been so heavy that 98 per 
cent of our energy has been consumed in digesting 
it. There has been little left to enjoy save the 
fact that we have been listening to the masters. 
When we started out with this business of listen- 
ing to the masters via the air we had no use for 
Bell-ans charcoal tablets but now, we confess, 
we are quite worried about our condition. 

If it had not been for Mr. Bernie and Mr. 
Lopez (even with his high “Wildflower” record) 
we should have had almost a miserable time with 
the radio. We are in our present licked condi- 
tion, willing to go on record as saying that the 
jazzists of this country did a big thing for broad- 
casting when they prevented it from ooa 
entirely into the hands of our Size 1, Series 
musical high-brows in the studios. 

After all, this old world wants a little salt with 
its pepper, a little soda with its liquor, a little 
sugar with its vinegar and a little calves’ liver with 
its bacon. 
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CONDUCTED BY LAURENCE M. CocKADAY 


The Raytheon Plate Supply With 
the Four-circuit Tuner 


Ir does not seem to be generally understood 
that the Raytheon Plate Supply Unit (described 
in the November issue of Porputar Rapio) can 
be used with the Four-circu:t Receiver with 
Resistance-coupled Amplifier, which was de- 
scribed in the October, 1924, issue. This com- 
bination is entirely practical, as is here ex- 
plained. 

When “B” batteries are used to supply the 
plate voltage of this receiver, it is necessary to 
use a separate 22)4-volt “B” battery for the 
detector. This is necessary because the nega- 
tive side of the detector “B” battery is con- 
nected back to the “A” battery through the 
potentiometer winding in the ‘“Dubl-Wundr.” 
- This is the arrangement used for varying the 
plate voltage on the detector tube, by simply 
rotating the knob of the potentiometer, thus 
providing the exact adjustment of the plate 
voltage for maximum sensitivity. If three 45- 
volt blocks of “B” battery are used to provide 
the necessary 135 volts for the amplifier tubes 
and a tap is taken off at 18 volts for the de- 
tector, trouble will result because the negative 
side of this “B” battery is connected to both 
the detector “B-” and the amplifier “B-” posts 
on the receiver. Inside of the receiver these 
two posts are connected to the slider of the 
potentiometer (Dubl-Wundr) and to the posi- 
tive side of the “A” battery respectively. In 
effect the slider is thus connected to the positive 
side of the “A” battery It is therefore evident 
that when this slider is moved toward the 
negative side of the “A” battery, thus decreas- 
ing the resistance between the slider und the 
negative end of the potentiometer winding, the 
“A” battery will be short-circuited through 
this part of the potentiometer resistance. If 
the slider is moved all the way to the negative 
side of the resistance winding there will be a 
direct short-circuit of the “A” battery, or if 
moved to within a few turns of the negative 
end, there will be little resistance in the circuit 
and a sufficiently large current will flow 
through these few turns to burn them out. In 
this latter case, of course, the potentiometer 
will be ruined. 


If the negative terminal of the common “B” 
battery is connected only to the amplifier “B-” 
terminal of the receiver, and not to the’ de- 
tector “B-” terminal, no advantage will be 
gained frcm the potentiometer andthe receiver 
will not have maximum sensitiveness or volume. 

For these reasons it is evident that the Ray- 
theon Plate Supply Unit cannot be used to supply 
both the detector and amplifier of this receiver’ 
if its negative terminal is connected to both 
negative “B” terminals of the receiver. How- 
ever, when this unit is used there are two ways 
of getting around this trouble. The first is to 
use a single 2214-volt “B” battery for the de- 
tector as before, but to use the Raytheon Unit 
for the amplifier voltage. This is perhaps the 
best plan because it practically eliminates “B” 
battery worry inasmuch as the current drain 
on the detector “B” battery is so low that the 
life of the battery should be in the neighbor- 
hood of a year. 

If it is desired to dispense with the “B” bat- 
tery entirely results practically equal to the 
above may be obtained by connecting the nega- 
tive terminal of the Raytheon Unit to the am- 
plier “B-” terminal of the receiver, but not 
to the detector “B-” terminal. Then connect 
the positive detector terminal of the Raytheon 
Unit to the detector “B+” terminal of the 
receiver, and the high voltage positive terminal 
of the unit to the amplifier “B+” terminal of 
the receiver. As explained above, this makes 
the potentiometer imeffective but the Bradley- 
ohm variable resistance provided in the 
Raytheon Unit serves the same purpose as the 
potentiometer. 

‘The use of a separate “B” battery for the 
dectector and the Raytheon Unit for the ampli- 
fier has the advantage that finer variation of 
the detector plate voltage can be obtained by 
means of the potentiometer. There is the added 
convenience that the potentiometer control 
knob on the panel of the receiver is more 
accessible than that of the Bradleyohm. For 
local reception maximum sensitivity is not 
necessary and therefore frequent adjustment of 
the potentiometer is not required but when 
tuning in distant stations—for the DX fan— 
the potentiometer provides the better arrange- 


ment. —S. Gorpon TAYLOR 
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Record Every Experiment! 


WHILE I was recently examining the Patent 
Office old records, I noticed that inventions 
“come in bunches,” so to speak. The first patent 
on a steamboat, for instance, was issued to 
Robert Fulton in 1809; within a few years many 
other inventors followed with various improve- 
ments and the Patent Office was deluged with 
applications for steamboat patents. The bicycle 
craze, which extended over about ten years, re- 
sulted in hundreds of bicycle improvement 
patents being issued during that period. And 
so the story continued through the new era of 
telegraph, telephone, automobiles, locknuts, 
vacuum sweepers and many other inventions. 

Today we are in the radio era. Hundreds of 
applications for patents on radio apparatus are 
being received every month by the Patent Office. 
Many of the inventors will be made rich; others 
will waste much time, considerable money—and 
will meet with disappointment. 

Millions of dollars have been made from simple 
inventions, so simple in fact that almost every 
person who afterward saw them wondered why 
they also had not thought of the same things. 

; The radio industry, however, presents a dif- 

ferent situation from many of the past subdi- 
visions of new discoveries. No man can tell ab- 
solutely whether or not a great majority of elec- 
trical experiments will prove successful, except 
by actual test. In other words an inventor of 
radio electrical improvements must necessarily 
carry on numerous experiments, never knowing 
whether the results will prove good or bad. 

All of us who have attended technical schools 
will remember the tedious and apparently fool- 
ish and unnecessary requirement of keeping an 
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accurate and detailed laboratory record, irre- 
spective of how unimportant the experiments 
appeared to be. It is true that considerable 
time is consumed in doing this, but every ex- 
perimenter should establish an iron-clad rule, 
never to proceed with an experiment, regardless 
of its apparent simplicity, without first prepar- 
ing a neat note book, with the page correctly 
dated, and make the required sketches and the 
notes of the accomplishments as the results are 
affected. 

The reason this should be done is that prac- 
tically all valuable patents are at one time or 
other adjudicated in the courts. In other words, 
the strength of the patent will be thoroughly 


_ tested by persons or firms who want to manufac- 


ture the product without paying a license fee. 
Litigation isalmost inevitable. Moreover, some 
individual may infringe the patent and it may be 
for the inventor to prove priority 
rights. In either case the note book evidence is 
very important, and has been known to have 
sufficient weight to win a suit. 

Only recently a great battle between Arm- 
strong and De Forest was decided in one of our 
higher courts. Previously a lower court decided 
that Armstrong was the inventor of the regenera- 
tive circuit, but the last decision was rendered 
in favor of De Forest, and as the records of the 
trial show, his notebook was an important ex- 
hibit. In it was a sketch of the circuit, together 
with a written description of the obtained re- 
sults. This page also bore the date of the ex- 
periment. 

Many persons are carrying on experiments 
daily with various radio circuits and numerous 
applications for patents on improvements of 
radio apparatus are being filed. It therefore 


HOW THE PRACTICAL EXPERIMENTER DOES HIS WORK 


Laboratory work which deals with new developments would never have an y' practical result 
if the data whichare gained were not carefully recorded. The engineer shown in this illus- 
fration is determining tube characteristics and recording his results in the form of tables 

which will be made into curves for future reference. 


IN THE EXPERIMENTER’S LABORATORY 


behooves every inventor to establish his date of | 


riority. 
: The great battle between Dr. Bell and Elisha 
Gray, in the celebrated telephone patent case, 
was decided in favor of Dr. Bell, even though 
both of these men filed their papers in the 
Patent Office a few hours apart on the same 
day. But Dr. Bell satisfactorily proved to the 
Court that he was the real inventor. That is 
the only reason he was awarded the patent. 
That decision meant $40,000,000 to him. And 
it is not an overestimate of the amount of money 
which he received from royalties on the patent. 


As yet the radio industry: is in its infancy. . 


The future holds in store many wonderful and 
presently inconceivable improvements in radio 
apparatus. Experiments will prove profitable to 
many. Practically everything that is known of 
radio today was discovered by an apparently 
unimportant experiment. Therefore any experi- 
menter who owns a radio set, whether it is a 
small crystal set or a complicated and expensive 
heterodyne, has as good a chance of making a 
valuable discovery as those who already have 
done so. So he should keep a detailed record of 
every change in the wiring and arrangement of 
the circuits, so that if new and beneficial results 
are accomplished it will be no trouble to reper- 
form the experiment. And above all, a com- 
plete record is on file for future reference, if it 
is needed to assist in establishing the inventor's 
rights against some other inventor who may 
have successfully performed the same result 
within a short period afterward. 
—LEo T. PARKER 


The 8-tube Reflex Superheterodyne 
Receiver | 


In cases where it is desired to use this re- 
ceiver to reproduce broadcasting with great 
volume, as in a hall or large room, the use of 
the new power tube UX-112 in the last stage of 
audio amplification will give rather surprising 
results. Such a tube is better able to handle the 
large amount of energy put into the last tube 
in this receiver, than is the UV-20l-a type. 

When using the UX-112 for this purpose it is 
not necessary to make any change in the wiring 
of the circuit. Simply remove the UV-20l-a 
tube and replace it with the UX-112. A sep- 


287 


arate rheostat is not needed. It is a good plan, 
however, to connect a “C” battery in the grid 
return of this tube. This is easily accomplished 
by breaking the connection from the grid leak 
06 (see diagram in descriptive article on this 
receiver in Poputar Rapio for January, 1925) 
to the “A” battery circuit, and inserting a 44 
volt “C” battery. The positive terminal of the 
“C” battery is connected to the -A circuit and 
the negative terminal to the grid leak. 

In addition to better and louder reproduction 
of signals, this arrangement will eliminate the 
howl which is discussed in the following para- 
graphs, without the necessity for using the 
variable grid leak. 

When the “B” batteries used with this re- 
ceiver start to run down a howl frequently 
develops if the loudspeaker is placed close to 
the receiver. Or this may even be true in some 
cases with fresh “B” batteries. In the latter 
case the trouble lies in a so-called “microphonic” 
tube in either the detector or one of the audio- 
amplifier sockets, or perhaps from the failure 
ae a vibrationless socket for the detector 
tube. 

When changing tubes around does not elim- 
inate the how], it is fair to assume that the howl 
is the result of partly run down “B” batterics. 
Sometimes the howl has been known to start 
when the batterics had dropped to about 39 
volts, whereas the useful life of the battery 
should be until the voltage drops to about 34 
volts per 45-volt block. 

The remedy for the howl is to connect a 
variable grid leak such as the Bradleyleak 
across the resistance 06 (see illustrations of con- 
structional article in the January, 1925, issue of 
Porucar Rapio) which is the grid leak of the 
last audio amplifier tube. With the set in 
operation, this variable leak is adjusted to a 
point where the howl stops and the signals are 
clear and undistorted. 

This adjustment will cut the volume slightly, 
but under ordinary conditions the volume pro- 
duced by this receiver is able to stand such a 
reduction. 

Incidentally, this variable leak provides an 
excellent volume control because by decreasing 
the resistance of the leak sufficiently the signal 
strength can be cut down almost to a whisper. 

—S. Gorpon TAYLOR 


Three Hundred Million Miles an Hour 


This is not the speed of any rifle bullet or even of a runaway comet. 
, Yet this astounding speed exists. 
It is the speed of some of the tiny electrons inside the atoms of matter. 


are far slower. 


; Such things 
It exists right here on earth. 
These 


marvelous speeds of atomic rotation, transcending all ordinary human ex- 
perience, will be described in the next issue of POPULAR Rapio by Dr. E. E. 
Free. 
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PRACTICAL pointers from experimenters and broadcast listeners. 


LISTENING IN | 


What helpful hints can YOU offer to 


your fellow fan? Readers are invited to address their letters to the editor of this Department. 


CONDUCTED By LLOYD JACQUET 


How I Made a Low-Los 
Terminal : 


I MADE a low-loss terminal for my newest 
Cockaday receiver from material on hand in the 
shop. (See Figure 1.) 

A pieceof glass rod, suchas is used in bathrooms 
provided the body of the job, while brass strips 
supplied the means of supporting the clips to 
which connections were made and soldered. 

Heavy brass brackets fitted around the ends 
of the rod provided the supports. These were 
drilled, so that the entire assembly could be 
screwed on to the board. 

As many of the brass strips as there were 
terminals may be used. Small nuts and bolts 


serve to tighten up on them so that they will not 
work loose upon the glass rod. 

Although I used Fahnstock clips for the con- 
nectors, the wires may easily be soldered directly 
on to the strips. This terminal is neat, and 
because glass is used, the insulation is practically 


perfect. 
—E.M Backman, Sharon, Pa. 


* * * 
A Station Card-Index 


Stations have changed their locations and 
data so often, that their wavelengths have been 
a subject of periodical correction in my call 
book. This document became so inaccurate 
with time, that I decided to install a semi- 


A DIAGRAM OF A SIMPLE LOW-LOSS TERMINAL 


The low-loss terminal which is illustrated here may be cheaply assembled from a 
The insulation 1s practically perfect. 


FIGURE 1: 
glass rod and a few brass strips. 
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LISTENING IN 


permanent recording system which could be 
easily kept up to date. 

This led me to devise the card system, which 
was placed in a filing box. This gave me new 
information about stations at an instant’s notice, 
and provided me with an easily corrected 
record. 

I had several hundred cards run off by a 
printer, containing the major heads. Ordinary 
small filing cards were used and all the infor- 
mation that the average fan wants—or at least, 
all I wanted—was carried on them. . 

I then proceeded to fill in the station call let- 
ters and the information that I had at hand 
regarding them. These I filed alphabetically 
by call letters, beginning with the “K” series. 


At regular intervals, I indicated the alpha- 


betical arrangement, such as KDKA, KFI, 
WEAF, WOK and so on. A regular small 
filing cabinet contained the five hundred or so 
cards required. 

—S. Kessler, New York, N. Y. 


* * x 


A Remedy for Soft Tubes 


ALTHOUGH soft tubes require somewhat critical 
“B” battery voltages, I find that I can get 
good results from an old tube of this type. As I 
cannot get fine regulation of plate voltage from 
the “B” battery which I have, I introduce a 
small non-inductive resistance in the plate circuit 
of the tube. (See Figure 2.) 

This resistance, which need not be more than 
100 ohms with a battery voltage of 22.5, is placed 
in series with the “B” battery. By regulating 
this resistance, I get the best operating plate 
voltage, and can leave the filament adjustment 
without change for the entire evening. 

—PavuL BARRETT, Baltimore, Md. 
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HOW TO CHECK LOUDSPEAKER PER- 
FORMANCE 


FIGURE 3: Either an open circuit jack or a single 

closed circuit jack may be used to test the various 

stages from the detector circuit to the loudspeaker. 

The loudspeaker need not be cut off while the 
phones are in circuit. 


How I Made My Loudspeaker 
Perform Properly 


It has been a habit for radio fans to tune in 
with headphones for long distance reception and | 
then, increasing the power, to switch on the loud- 
speaker. The results were not always as ex- 
pected. 

I ran into this idea while looking for trouble 
in my five-tube receiver. After testing the audio- 
frequency amplifier, in which I suspected a fault 
to lie, I found that everything was all right. 
But it was from the detector that poor results 
were coming. I inserted a jack in series with 
the primary winding of the transformer and the 
“B” battery, as shown in Fig. 3. 

This was a closed-circuit jack, and when I 
inserted the phones I could hear the broadcasting 


HOW TO CONTROL THE PLATE VOLTAGE OF A CRITICAL TUBE 
FiGuRE 2: To do this, a small non-inductive resistance is placed tn the plate circuit of the 


tube. 


This schematic diagram indicates where the insertion should be made. 
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THE PANEL OF THE CONSOLE RECEIVER 


FiGurE 4: The diagonal arrangement of the three 
condenser dials shown here make it possible to 
obtain maximum spacing of the units. 


which was also reproduced in the loudspeaker 
at the end of the audio-frequency amplifier. This 
idea helped me greatly in tuning in with the long 
distance stations and gave me an absolute check 
upon my audio amplifier and speaker. 

It is not necessary to disturb the wiring of the 
receiver at all to locate this jack. It occurred 
to me that an open-circuit jack could be con- 
nected across the primary winding, as shown in 
the diagram. In fact, 7 have equipped all of 
my stages with this arrangement, so that I can 
find any trouble almost instantly. 

-In one case (the first) the jack will place the 
headphones in series with the transformer wind- 
ing, and in the second, the headphones will be in 
parallel. In either case the loudspeaker may 
be kept going while the phones are in use. 


—IrvinG Mutter, Woodhaven, L. I. 
+ * 4 


How I Built a Radio Set in a 
Console 


ALTHOUGH space is at a premium in the record 
compartment of the average phonograph, it is 


POPULAR RADIO 


possible, nevertheless to build into it a five-tube 
set. (See Figures 4 and 6.) 

Here is how I did it: 

I placed the main tuning dials diagonally 
across the panel, which insured maximum spac- 
ing of the tuning units—a great advantage in 
radio-frequency tuning. 

I provided extra lengths of wire so that the 
entire unit, which is built on the panel, may be 
pulled out for inspection or repair. The two 
radio-frequency tubes are mounted on the small 
base-shelves of theirown. The detector and the 
first audio tube are on the large shelf to the right, 
and the last audio tube is placed on the base- 
board. 

Assembly need not be cramped, if proper care 
is taken in the location of the apparatus before- 
hand. Of course, it is necessary to study out the 
effect that the panel layout will have on the 
balance of the phonograph furniture before any- 
thing at all is attempted. 


—HuGu G. BErsIE, Chicago, IN. 
* * * 


Home-Made Brackets 


I was greatly handicapped in the finishing of 
my McLaughlin Receiver by not being able 
to secure the necessary brackets which hold the 
panel at an angle to the wooden base. 

However, it was a pleasant ‘“job” to make a 
pair which served the purpose and it enhanced 
the appearance of the set considerably. 

I secured a square foot of hea bones: about 
one sixteenth of an inch thick. “Having drawn 
the right size bracket specifications on a piece 
of drawing paper, I cut it out with a sharp 
pointed knife, making a duplicate. One of these 


Beno Ts Nar For 
KIGHT HANO BRACKET 


THE PATTERNS OF THE BRACKETS 
Ficure 5: “A” ts the pattern for the completed 
bracket. The drawing “B” shows the edges bent 
for a left-hand bracket. The dotted lines show 
how the edges are bent for a right-hand brackel. 
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A VIEW OF THE INTERIOR OF THE RECEIVER 


FIGURE 6: This unique arrangement of apparatus was forced by the limiled space in the record 
compartment of the phonograph for which the receiver was designed. The two radio-fre- 
quency tubes have been mounted upon small base-shelves supported by the main panel, 
while a side panel supports much of the remaining apparatus. Exıra lengths of wire have 
been provided so that the panel unit may be pulled out for inspection or for repairs. 


drawings was for the right-hand side, and the 
other for the left-hand side. 

It was easy to locate the two patterns on the 
brass, and they were outlined with a sharp point 
on the metal. With a heavy pair of shears, or 
better yet, a small metal saw, the units were cut 
out. Then, sections in the shape of holes or 
triangles were drilled and filed away, as shown in 
Figure 5. 

ufficient material was left on two sides, which 
were to be bent over, after drilling. This opera- 
tion was done with the vice and a wooden mallet. 

Cheap, strong and handsome brackets for any 
use can be built in this way. 

—ROBERT Conway, New Orleans, La. 


* * * 


Hints for Using the Soldering Iron 


WHEN the inveterate radio constructor starts 
on a job, it is usually of the marathon type and 
he does not leave his shop until the batteries are 
connected and the tubes inserted in the newest 
radio acquisition. 

The electric soldering iron is generally the tool 
that suffers in this procedure. It is continu- 
ously being heated for a period of two to five 
hours; and it shows all the effects of hard use 
when all of the wiring is finally completed. 


Not only must the builder watch the iron, turn 
it off when it is getting too hot, turn it on again 
before it becomes too cold, but he must tin it, 
keep it clean and generally devote as much time 
to keeping it in condition as to the actual solder- 
ing itself. 

Here is how the problem was solved in my 
work shop: 

I have a line with plug receptacles located at 
convenient intervals along the working bench. 
Near the switchbox, which is off to one side, there 
is a socket into which I placed a 75-watt electric 
light bulb. This bulb is connected in series with 
the line. 

This bulb allows sufficient current to pass 
through to the electric soldering iron to keep it 
at just the right temperature. I never have to 
watch its temperature, and the tinning process 
does not have to be repeated except occasionally. 

Of course, other devices besides the soldering 
iron may be operated from the plug sockets. My 
small electric drill also connects to the plug, as 
well as a small motor which runs a buffer, coil- 
winder and drilling arrangement. The installa- 
tion is comparatively inexpensive and its saving 
in temper alone is worth the trouble. It can be 
installed by the radio fan builder himself at the 
cost of very little time and trouble. 

—Davip Lay, New York, N. Y. 


THis department ts conducted by Popucar Rapio LasoraAtory for the purpose of keeping the 

radio experimenter and the broadcast listener informed concerning the newest inventions and the 

approved developments in radio equipment. Only such apparatus as has been tested and 
endorsed by the Laboratory is noted in these columns. 


Name 


Usage 


be See 


‘ 


A NEW TRANSFORMER WITH UNUSUAL | 
CORE DESIGN 

Name of instrument: Audio-frequency trans- 

former. 

Description: This transformer contains four 

sections of core which are arranged in 
a cross-shaped pattern when looking at 
the transformer from the top. They 
are really four separate square-shaped 
cores which almost totally surround the 
coil windings. The transformer has a 
high value of primary inductance and 
is pleasingly efficient over a large band of 
audio frequencies. It is furnished in a 
mctal case with binding posts brought out 

. for the necessary terminals. 

Usage: In an audio-frequency amplifier as an 

interstage coupling unit. 

Outstanding features: Large core area. Im- 
proved amplification at the lower fre- 
quencies. Neat appearance. 

(Further details furnished on request) 
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A NEW VERNIER KNOB 
of instrument: Knob and dial. 


Description: An ingenious application of two 


ring gears of different ratios -in which 
one of the gears forms a tilting table ar- 
rangement. The small inner knob of this 
instrument 1s attached to a rotating slider 
which presses one portion of the top 
gear enmeshed with the lower gear. 
Upon revolution of this small knob the 
difference in the ratios of the two ring 
gears causes the dial to revolve extremely 
slowly in accordance with the difference 
of the number of teeth of the two gears. 
In this case, a ratio of 100 to 1 is pro- 
duced. » a 7 

: With a tuning unit in a set. 


Outstanding : features: Neat appearance. Ex- 


tremely smooth vernier action without 
back-lash. . Provides direct gearing as 
well? as vernier gearing. 


Maker: (Further details furnished on request.) 
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Apparatus Approved by Popular Radio 


This list of apparatus approved by the POPULAR RADIO LABORATORY 
will be continued as a part of the WHAT'S NEW IN RADIO AP- 
PARATUS department until all instruments, parts and complete 
sets have been included. The listing is alphabetical by manufacturer’s 
name and the installment in this issue includes the letters C through E. 


AERIALS i 


Silver-Tone antenna: Colonial Brass Co. 
Tinned “‘Copperweld" antenna wire; Copperweld Steel 


Ducon lamp socket aerial; Dubilier Condenser & Radio 


rp. 
Lamp socket antenna; Electrad, Inc. 
Indooreertal; Electrad, Inc. 


AMPLIFIERS 
Super amplifier; Daven Radio Corp. 


AUDIO-FREQUENCY TRANSFORMERS 


Cardwell transformers; Allen D. Cardwell Mfg. Co. 
Chelsea amplifying transformer; Chelsea Radio Co. 
Como Duplex transformer; Como Apparatus Co. 

Coto audio-frequency transformer; Coto Coil 

Globe audio-frequency transformer; Coyne Radio Service 
Day-Fan audio transformer; Dayton Fan & Motor Co. 
Superadio amplifier unit; De Witt-La France Co., Inc. 
Equi-fiux audio transformer; James C. Doran & "Sons 
hs audio transformers; Electrical Products Mfg. 


Erla audio transformer; Electrical Research Labs. 
Essex audio transformer; Essex Mfg. 


BATTERIES 


“Ace "A" and “B” batteries; Carbon Products Co. 

Flashlight batteries; Champion Carbon Mfg. Co. 

Storad "A", “B” and "C" batteries; Cleveland Engi- 
neering Labs. Beo 

Copper Giant A” ‘battery: Copper Giant Battery Co. 

“Diamond “B" battery; Diamond Electric Specialties 


Corp. 
Radto-primary battery; Thos. A. Edison, Inc. 
Ba “A” and "B" batteries; Electric Storage Battery 


BATTERY_CHARGERS AND RECTIFIERS 


Storad "R" battery charger; 
Labs. Co. 

Esco battery charger; Electric Specialty Co. 

Exide rectifier; Electric Storage Battery Co 


Cleveland ` Engineering 


BATTERY ELIMINATORS 


Dongan "B" eliminator; Dongan Electric Mfg. Co. 
Epom "B" battery eliminator; Epom Corp. 


BINDING POSTS 


“Dixie” engraved binding post; Dixie Supply Co. 
Eby binding post; H. H. Eby Mfg. Co. 


CRYSTAL DETECTORS 


A-r Galena crystal; California Radio Minerals 
A-r catwhiskers; California Radio Minerals 
Carborundum stabslizing detector unit; Carborundum 


Co. 
“Carco” crystal variometer receiving set; Carter Mfg. Co. 
“De-tex-it”; Celerundum Radio Products Co 
“Maxitone” crystal; Century Products Co. 
Radio reflex crystal; Century Products Co. 
Skylark” detector tip: V. L. Chamberlain 
“Clearco” radio crystals; Clearco Crystal Co. 
Rasla fixed detector; Davidson Radio Corp 
warns racie crystal delector; Electric City Novelty 


fg. 
Pyratek fixed crystal rectifier; Erisman Laboratories 


DIALS 


Cardwell Equitrol; Allen D. Cardwell Mfg. Co. 
Day-Fan knobs and dials; Dayton Fan & Motor Co. 
Erla dials; Electrical Research Labs. 

E-Z-Toon radio dials; E-Z-Toon Radio Co. 


FIXED CONDENSERS 


Daven Leakendenser; Daven Radio Corp. 

Special coupling condenser, type A; Daven Radio Corp. 
Fixed condenser: Tobe C. Deutschmann. 

Micadons; Dubilier Condenser & Radio Corp. 

ee filter condenser; Dubilier Condenser & Radio 


Erla ren condensers; Electrical Research Labs. 


GRID-LEAKS AND RESISTANCES 


Centralab adjustable grid-leak; Central Radio Labs. 

Centralub radiohm (non-inductance variable resistance); 
Central Radio Labs. 

Crescent Lavite resistance; Crescent Ral Supply Co. 

C-H variable grid-leak; Cutler-Hammer M AA 

C-H resistances: Cutler-Hammer Mfg. Mfg 

Resistors and grid- leaks; Daven Radio Corp. 

Grid-leaks; De Forest Radio Co. 

Resistor leak mounting; Daven Radio Corp. 

Resisto-coupler; Daven Radio 

Precision resistors; Daven Radio 

Resistance unit; Dubilier Condense & & Radio Corp. 

Durham grid- leaks: ‘Durham & Co. 

Fil-ko-.leak; DX Instrument. Co. . 

Fil-ko-resistor: DX Instrument Co. 

Lavite resistances; Eastern Coil Corp. 

Double grid-leak mountings with condenser clips; Elec- 
trad, Inc. 

Double grid-leak mountings without condenser clips; 
Electrad, Inc. 

Single grid- leak mountings without condenser clips; 


Electrad, Inc. 

Single grid-leak mountings with condenser clips; Elec- 
trad, Inc: . 

Sine mountings with condenser clips only; Electrad, 
nc. 


Royalty resistances; Electrad, Inc. 


HEADPHONES 


“Callophone’’ headset; Callophone Co. of New York. 

as * Cannon-Ball headset; Cannon & Miller Co., 
nc. 

Headset; Connecticut Instrument Co. 

Coryphone headset; Chas. Cory & Son. 

Crosley headphone; Crosley Radio Corp. 

Cyclone headset; Cyclone Radio Receiver Corp. 

De Forest radiophones; De Forest Radio Co. 

Dictograph headset; Dictoyraph Products Corp. 

Edson phones; Edson Radio Sales Co. 

Eisemann headset; Eisemann Magneto Corp. 


INSULATORS 


Insulators; Circle F. Mfg. Co. 
Pyrex insulators; Corning Glass Works. 


JACKS 


Carter ‘‘Hold-Tite’ jack; Carter Radio Co. 

Carter portable jack; Carter Radio Co 

Receptacle jack; Carter Radio Co. 

“Cico” bakelite jack; Consolidated Instrument Co. of 
America, Inc. 

Radjo jacrs; Electric City Novelty & Mfg. Co. 


KITS 


Telos kit; Danziger-Jones, Inc. 
Daven resistance-coupled amplifier kits; Daven Radio 


Corp 
“RD. Y. ” Reflex receiver kit: Durrant Radio, Ltd. 
DXL tuned R.F. kit; D.X.L. Radio Corp. 
Resistance-coupled amplifier kit; Electrad, Inc. 
Erla Superflex Cir-kit; Electrical Research Labs. 


LIGHTNING ARRESTERS 


“Litle Joe’ lightning arrester; Circle F. Mfg. Co. 
“Fil-Ko” lightning arrester; DX Instrument Co. 
etching arresters (indoor and outdoor); Electrad, Inc. 
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Name of instrument: 
Description: 


“Keystone” lightning arrester; Electric Service Supplies 
Essex lightning arvester; Essex Mfg. Co. 


LOOPS 


“Calvert” loop; Calvert Specialty ae Inc. 
Carter new loop aerial; rter Radi 

D. T. W. Collapsible Loop: Tobe C Deutschmann 
Erla loop; Electrical Research Labs. 


LOUDSPEAKERS 


**Callophone’’ loudspeaker; Callophone Co. of New 


York. 
“Camco” loudspeakers; Cannon & Miller Co., Inc. 
“Temple” reproducer; Chicago Signal Co. 
Loudspeaker; Columbia Radio Corp 
“Madera” Clearspeaker; Compre Wood Corp. 
“C.1.C." loudspeaker; Connectent Anstnument Co. 
Coryphone loudspeaker; C or ee 
Crosley Musicone; pd Radio R; 
Cyclone loudspeaker; Cyclone Radio Receiver Corp. 
De Forest loudspeaker; De Forest Radio SN 
Dexter loudspeaker; Dexter Metal an a er 
Dictograph loudspeaker; Dicto roducts Corp. 
Charmitone loud singer; Dual fe i Co. 
Exceltone loudspeaker; Exceltone Radio Sales Co. 


MISCELLANEOUS ACCESSORIES 


Gem” radio fuse; Chicago Fuse Mfg. Co. 

“Temple” comparator; Chicago Signal Co. 

Kester rosin-core radio solder; Chicago Solder Co. 

Nestor Bend-Rite; Consolidated Instrument Co. 
America, Inc. 

Telephone receiver cords; Crescent Braid Co. 

hi ee 20 foot extension cord with plug; Crescent Braid 


Tufglass battery tray; Russell B. Cressma 

Crowe metal marker; Crowe Name Plate & "Mfg. Co. 

Cuno radio electric match; Cuno Engineering orp. 

C-H Radioloc; Cutler-Hammer Mfg. Co. 

Sentinel radio fuses; Davis Electric Co. 

De Forest coil mounting; De Forest Radio Co. 

A.C. transformer; Dongan Electric Mfg. Co. 

Dongan choke; Dongan Electric Mfg. 

Window Pane lead-in connector; D. - DuBois. 

Audio transformer, battery charger and battery eliminator 
coils; Dudlo Mfg. Co. 

**Nokorode"' soldes (oe paste; M. W. Dunton Co. 

Durham base; Durham & Co. 
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Easy seat cushion; Easy Seat Sales Agency. 

Eby binding post strips; H. H. Eby Mfg. Co. 
Bezels; Electrical Research Labs. 

Solderless conne@ors; Electrical Research Labs. 
Essex radio soldering fiuid; Essex Mfg. Co. 
Binding post name plates; Etching Co. of America 


PANELS 


** Bakelste-Dilecto”’ panels; Continental Fibre Co. 
Crowe metal panel; Crowe Name Plate & Mfg. Co. 
“Celeron” radio panel; Diamond State Fibre Co. 


PHONE PLUGS 


Carter One-way plug; Carter Radio Co. 

Carter Tu-way plug; Carter Radio Co 

Carter “Imp plug; Carter Radio Co. ; 

Cico 2-way plug; Consolidated Instrument Co. of 
America, Inc. 

Cico automatic plug; Consolidated Instrument Co. of 
America, Inc 

Eby phone place: H. H. Eby Mfg. Co. 


PHONOGRAPH ATTACHMENTS 


“C.1.C." phonograph attachment; Connecticut Instru- 
ment Co. 


POTENTIOMETERS 


Carter vernier control potentiometer; Carter Radio Co. 

Centralab potentiometer; Central Radio Labs. 

“Cico” bakelite potentiometer; Consolidated Instru- 
ment Co. of America, Inc. 

C-H potentiometer; Cutler-Hammer Mfg. Co. 

Day-Fan potentiometer; Dayton Fan & Motor Co. 

Potentiometer; De Forest Radio Co. 

Potentiometer; Eisemann Magneto Corp. 

Potentiometer: Electrical Research Labs. 


POWER AMPLIFIERS 
De Luxe amplifier; Daven Radio Corp. 


RADIO CABINETS 


‘‘Corbett’s’’ radio cabinets; Corbett Cabinet Mfg. Co. 

Ae consoles, tables and enclosures; Detroit Wood- 
crait rp. 

Vulcawood (cabinet material): Diamond State Fibre Co. 

Adapto radio cabinet; L. R. Donehue Corp 

Eugle console cabinet; Eagle Radio Co. 


A HIGH QUALITY CABINET SPEAKER 


Cabinet reproducer. 

This new reproducer is equipped 
with a long horn of special shape and 
a variable reproducing unit. The adjust- 
ment for this unit is on the right side 
of the cabinet, which is finished ir highly 
polished) mahogany. The cabinet is 
equipped with a cord for attaching to 
the radio receiving set itself. The con- 


struction of both the unit and the horn 
shape is such that the cabinet speaker 
produces the low tones and the high tones 
with a natural mellow quality. 

In connection with a radio receiving 
set as a reproducer. 
Outstanding features: Neat appearance. Good 

tone quality. Very fine appearance. 

(Further details furnished on request) 


Usage: 


WHAT’S NEW IN RADIO APPARATUS 


RADIO-FREQUENCY TRANSFORMERS 


Cardwell ‘“‘Toro-Tran”; Allen D. Cardwell Mfg. Co. 
“Carco’’ neutroformer; Carter Mfg. Co. 
Ceico intermediate-frequency amplifying 
Central Engineering Labs. 
Tuncd-iniermediate-frequency transformer; Como Ap- 


ratus Co. i 
Coto radio-frequency transformer; Coto Coil Co. 
Harper Metalotd; Cribben Radio Corp. 
Day-Fan radio-frequency transformer; Dayton Fan & 
Motor Co. 
De Roy phusiformer; De Roy Radio Corp. , 
Superadio radio-frequency amplifier unit; De Witt-La 
France Co., Inc. f 
Dubilier Duratran; Dubilier Condenser & Radio Corp. 
Low-loss radio-frequency transformer; Eastern Coil 


transformer; 


rp. ; 

Eisemann radio-frequency transformer; Eisemann Mag- 
neto 3 

Radjo loos radio-frequency transformer; Electric City 
Novelty & Mfg. Co. i 

Erla transformers and balloon circloid radio-frequency 
coupler; Electrical Research Labs. 


RECEIVING SETS 


“Cardwell” receiver; Allen D. Cardwell Mfg. Co. 

Chelsea receiver; Chelsea Radio Co. | 

Cleary-o-dyne receiver; Cleartone Radio Co. 

Goldcrest Cleartone receiver; Cleartone Radio Co. 

Cleartone ‘‘90"" receiver; Cleartone Radio Co. 

Crosley receivers; Crosley Radio Corp. ; 

“Teicdyne'receiver; Cutting & Washington Radio Corp. 

“Towne & Country” receiver; Cutting & Washington 
Radio Corp. ; ; 

C & W receiver; Cutting & Washington Radio Corp. 

Cyclone radio receiver; Cyclone Radio Receiver Corp. 

Day-Fan receivers; Dayton Fan & Motor Co. 

De Forest recetvers; De Forest Radio Co. 

Dexter DX-5 receiver; Dexter Metal Mfg. Co. 

Dynergy radio set; Dynamotive Radio Corp. 

Eaglet neutrodyne; Eagle Radio Co. ; 

Echophone V-3, F5 and portable; Echophone Radio, Inc. 

Eisemann receivers; Eisemann Magneto Corp. 

Erla knockdown receiver; Electrical Research Labs. 

De Luxe Heteroplex receiver; Elvin Radio Co. 

Gold Medal receiver; Eureka Outlet Co. ; 

Superheterodyne receivers; Experimenters Information 

rvice, Inc. 


RHEOSTATS 


Vernier rheostat; Carter Radio Co. 

Carter ‘‘Imp" rheostat; Carter Radio Co. 

Centralab rheostats; Central Radio Labs. ; 
Cico rheostat; Consolidated Instrument Co. of America, 


Inc. 
C-H rheostat; Cutier-Hammer Mfg. Co. 
Day-Fan rheostat; Dayton Fan & Motor Co. 
De Jur 1-hole rheostat; De Jur Products Co. 
Fil-ko-stat; DX Instrument Co. 
Eagle revolving resistor rheostat; Eagle Radio Co. 
Rheostat; Electrical Engineering Equip. Co. 
Erla Precision rheostat; Electrical Research Labs. 


SOCKETS AND ADAPTERS 
Cemhdd "Buil Dog Grip" socket; Camfield Radio Mfg. 


V. T. socket; Circle F. Mfg. Co. 

Coto tube socket; Coto Coil Co. 

C-H socket; Cutler-Hammer Mfg. Co. 

Sockets; De Forest Radio Co. 

Duray All-Glass viralon socket; Duray Radio Corp. 
Eby cushion socket: H. H. Eby Mfg. Co. 

Universal socket; Electric City Novelty & Mfg. Co. 
Erla socket; Electrical Research bs. 

Essex socket; Essex Mfg. Co. 


SWITCHES 


Carter “Imp” switch; Carter Radio Co. 

Carter inductance switch; Carter Radio Co. 

Carter jack switch; Carter Radio Co. 

Carter Dialite; Carter Radio Co. 

Celco indicating switch; Central Engineering Labs. 

Centralab battery switch; Central Radio Labs. 

“C.L.C." lock “A” battery switch; Connecticut Instru- 
ment Co. 
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Cico battery switch; Consolidated Instrument Co. of 
America, Inc. 

C-H switches; Cutler-Hammer Mfg. Co. 

De Forest switches; De Forest Radio Co. 

Multiple switch; Eagle Radio Co. 

Radjo switches; Electric City Novelty & Mfg. Co. 

Arkay cam switch; Essex Mtg. Co. 


TESTING INSTRUMENTS 


Cell-O-Meter; Cellokay Mfg. Corp. 
SOS hydrometer; Chaslyn 5, 
Dongan high-resistance voltmeter; Dongan Electric Mfg. 


TOOLS AND EQUIPMENT 


“Reachit'’ wrench; Caufman & Clough Co. 
Coburn ‘‘Unitool"; Coburn Tool Co. 


TUBES 


“Ceco” vacuum tube, type 201-a; C. E. Mfg. Co. 

Power amplifier tubes E & F; C. E. Mfg. Co. 
Cleartron model C.T. 199; Cleartron Vacuum Tube Co. 
Hi-constron vacuum tube; Cleartron Vacuum Tube Co. 
“Sodion” tubes; Connecticut Telephone & Electric Co. 
Magnatron detector tube; Connewey Electric Labs. 
Rex. tubes for B” eliminator; Connewey Electric Labs. 
Cunningham tebes; E. T. Cunningham, Inc. 

Daven tubes; Mu-6 and Mu-20; Daven Radio Corp. 
De Forest auditions; De Forest Radio Co. 
Protect-o-tube; Don Mac Co. 

Diode detector tube; Electrad, Inc. 

Everest “World Top” tube; Everest Mfg. Co. 


TUNING INDUCTANCE UNITS 


Radio-frequency tuner: Chelsea Radio Co. 

Antenna tuning unit; Chelsea Radio Co. 

Coto compact moulded variometer; Coto Coil Co. 

Coto compact moulded variocoupler; Coto Coil Co. 

Coto honeycomb coil; Coto Coil Co. - 

Day-Fan variometers; Dayton Fan & Motor Co. 

Day-Fan variocouplers; Dayton Fan & Motor Co. 

Day-Fan detector unit; Dayton Fan & Motor Co. 

De Forest honeycomb coil; De Forest Radio Co. 

Variometer; De Forest Radio Co. 

Eastern coupler; Eastern Coil Corp. 

Three-circuit tuner; Eastern Coil Corp. 

Low-loss coils; Eastern Coil Corp. 

Cockaday coils (silk wound); Eastern Coil Corp. 

Variometer; Eisemann Magneto Corp. 

Varsocoupler; Eisemann Magneto Corp. 

Verni-tuner; Electrad, Inc. 

Short-Wave coil; Electric City Novelty & Mfg. Co. 

Radjo low-loss 180 three-circuit tuner; Electric City 
Novelty & Mfg. Co. 

Duo-lateral coils; Electric Products Mfg. Co. 

Pull Mall variocoupler; Essex Mfg. Co. 


VARIABLE CONDENSERS 


“Cardwell” condensers; Allen D. Cardwell Mfg. Co. 

Chelsea variable condenser; Chelsea Radio Co. 

Straight-line wavelength condenser; Chelsea Radio Co. 

Chelten Special” condenser; Chelten Electric Co. 

es ied condenser; Connecticut Telephone & Elec- 
tne Co. 

Coto variable condenser; Coto Coil Co. 

Crest convertible condenser; Crest Radio Corp. 

Rasia Strate-Lyne frequency condenser; Davidson Radio 


rp. 
Variable condenser; De Forest Radio Co. 

Superadio condenser; De Witt-La France Co., Inc. 
Duplex condensers; Duplex Condenser & Radio Corp. 
DXL condenser, model C; DXL Radio Corp. 

Eagle condenser; Eagle Radio Co. 

E:semann condenser; Eisemann Magneto Corp. 

Erla Mintloss condenser; Electrical Research Labs. 
EJraco Precision condenser; Elgin Radio Corp. 


WIRE 


Bus wire, square and round; Edward N. Cook Plate Co. 
“Blue Ribbon” battery cable; Crescent Braid Co. 
Enameled, cotton-covered, silk-covered bus bar, magnet 
and aerial wire; Dudlo Mfg. Corp. 
Skware flex bus wire No. 12; Eca Mfg. Co. 


THE article ‘How to Bv'id and Operate a Low-power Transmitter” 
(which was crowded out of this tssue), will appear in PopuLaR Rapio for 
7 next month—A pril. 
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CONDUCTED BY J. ANDREW WHITE 


In this department the Dean of Broadcasters—whose voice is known to millions of broadcast 
listeners—records items of intercst and value to all radio fans everywhere. 


Broadcasting College Courses 
to Farmers 


THE announcement that an expert has been 
named to take over control of the radio activities 
of the Department of Agriculture brings to mind 
the fact that Secretary Jardine himself, while 
still president of the nsas State Agricultural 
College, was one of the early broadcasters of 
agricultural extension work. tt is beyond ques- 
tion that a systematic development of a definite 
service will carry pleasure and profit beyond 
calculation into the homes of the farm families; 
and the cooperation of federal, state and local 
agencies as planned in the new program gives 
pone of realizing the hope that cold and formal 
ectures will be shelved and that regular class- 
room instruction by radio will be instituted, with 
students regularly registered and examined and 
given full credit for work performed. This was 
the development of agricultural broadcasting 
foreseen by William A. Wheeler, member of the 
Interdepartmental Radio Board, in recommend- 
ing specific reservations within. the broadcast 
bands of wavelengths for dissemination of 
agricultural material. Adoption was secured 
for the resolution which carried the recommenda- 
tion, so the day should not be far distant when 
it will be possible for all the major agricultural 
colleges in the country to make their courses 
available to the entire farm population instead 
of reaching, as now, a comparatively small per- 
centage of the folks they are designed to help. 


x a x 


Jazzing the Deaf by Radio 


BITTER opponents of jazz are faced with a 
counter-claim now that the pronounced rhythm 
of this class of music emphasized by beating of 
the drums and piercing notes of the “hot” cornet 
playing have humanitarian value—that through 
certain strains vibrations are set up which 
enable the deaf to hear. This information has 
been conveyed to Paul Ash, orchestra leader and 
radio star of KYW, in letters from several 


women who explain that these are the only 
sounds they have been able to hear and that 
they enjoy the jazz music although otherwise 
deaf. A famous ear specialist of Chicago has 
become interested in the subject, it is reported, 
and is conducting a series of tests to determine 
the possibilities of utilizing this means of ‘‘bone 
conduction” of sound so that those who have 
lost normal hearing may through radio have the 
pleasures of music. When the unique investi- 
gation has been completed the renowned spec- 
lalist promises the issuance of a report and a 
test program over the air is to be given with deaf 
persons asked to ‘‘listen in” and to report what 
they “hear.” 
* * * 


Warnings by Wireless 


WHEN a dozen or so tributaries hereafter are 
inclined to go on a rampage, and flood or deposit 
ice break-ups into swollen streams feeding into 
the Ohio River the serious changes thus brought 
about will be known immediately to navigators, 
shippers, farmers and others along a 1,000 mile 
stretch from Pittsburgh to Cairo. Daily radio 
broadcasts of the weather and a report of the 
river and its stages form the basis of the new 
and useful report which has been added to the 
varied forms of service originating at WLW. 


* * * 


Radio Service to Newspapers 


OnE of the first impediments to the selection 
of whatever might be thought useful to air en- 
tertainment programs was the opposition en- 
countered by pioneer broadcasters from the news 
gathering agencies which furnish the news- 
papers of the country with countless items daily. 
In the earliest days of broadcasting news bulletins 
were a regular feature; then in most instances 
they were dropped out only to reappear within 
the last year or so in various forms and increas- 
ing volume. The restrictions of the earlier days 
having been gradually lifted, it is interesting to 
note that this has been largely because radio has 
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proved to be of inestimable aid to the great 
system of news distribution in times of emerg- 
ency. A number of instances might be cited, 
but the public is more or less familiar with these 
and will be more interested to learn of the latest 
arrangement made to provide the protection of 
radio for newspaper readers in the Rocky Moun- 
tain territory. This has been brought about by 
completion of plans with KOA, by which that 
station at Denver in cooperation with the 
United Press Association will flash the big news 
events of the day if landwire communication 
becomes blocked during severe storms or is crip- 
pled through blizzards or washouts. The news 
is to be read into the microphones at stated in- 
tervals and editors all over the territory will be 
equipped to take down the items in shorthand. 


* * * 


The Pending Radio Legislation 


READERS have indicated a considerable inter- 
est and some degree of confusion in their minds 
as to the radio legislation proposed for the present 
session of Congress. While it cannot be antici- 
pated what changes may take place between the 
time this is written and when it appears in print, 
the situation, briefly stated, is this: 

There are two bills before Congress providing 
for the proper policing of the ether, as desired 
by the Department of Commerce. One is spon- 
sored by Representative White of Maine; and a 
similar bill has been introduced in the Senate 
by Dill of Washington. Chairman of commit- 
tees of both branches of the legislative bodies 
abandoned the original intention of arranging 
for joint hearings but arrangements were made 
for the convenience of witnesses to appear be- 
fore both bodies at practically the same time. 
It is thought that most of those who will appear 
in each instance will be called, as the principal 
purpose of the hearings will be to give supple- 
mentary information and toanswer the questions 
of the committeemen who may desire slight 
modification or amendment of the bills as drawn. 
As the bills stand at this writing both cover the 
legislative requirements as outlined by the recent 
National Radio Conference, except that they do 
not establish fees for licensing stations and 
operators, or give any mention to the recom- 
mendation to place a ban on oscillating receivers. 


* * * 


How Europe Is Regulating 
Its Broadcasters 


EUROPEAN regulations affecting broadcasters 
are being developed along lines very similar to 
those recommended for adoption in the United 
States. At a conference of engineers at Geneva 
a 10 kilocycle separation was urged for allocation 
of wavelengths within the bands most familiar 
to listeners, and a separation of 20 kilocycles 
between the transmitting channels of the long 
wave stations. In the effort to clear up inter- 
ference overseas the drastic recommendation was 
included to set aside requests for allocation of 
any of the channels between 300 and 500 meters, 
and that no consideration be given to applica- 
tions for such licenses from new stations except 
in very special cases. This parallels the recom- 
me2ndation made by our own conference at 
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Washington. It meansof course that Europe has 
plenty of stations and that newcomers should be 
made to accept whatever is open below 300 
meters and above 500 meters. Furthermore, 
applications are to be considered in the light of 
the length of service rendered by the station, the 
number of listeners it serves, its range, and how 


“Pacific & Atlantic 


MAKING THE OCEAN’S FLOOR HIS 
STUDIO 


With a specially constructed microphone and a 

radio receiver inside of hishelmet, Herr Rarmstorf, 

the famous diver, went to the bottom of the North 

Sea near Heligoland to broadcast a talk to the fans 

of Europe. Here he is just beginning his descent to 
his lonely studio 
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it fits in with the necessity of having several 
stations serving a multiplicity of listeners speak- 
ing different languages. Judged by the fore- 
going requirements, however, it was decided 
that priority rights must be established as there 
are not sufficient channels to serve all future 
needs between 200 and 600 meters. At some 
later date consideration is to be given to the 
bands below 200 meters. Incidentally, the 
bothersome operators of oscillating receivers 
abroad escape also, no action being taken against 
regenerative receiving sets. 


* * * 


The New “Community Concerts” 
by Radio 

SINCE Cincinnati blazed the way with its series 
of twenty community concerts through WSAI 
three other cities have seen the value of setting 
their community favorably before the horde of 
radio listeners. St. Louis has followed the 
raiseworthy example and so has Davenport, 
owa, with San Antonio, Texas, considering the 
matter seriously. And now a State has fallen in 
line, with the announcement by Governor M. E. 
Trapp of Oklahoma to set aside a day to be 
known as “The Voice of Oklahoma Day” in an 
effort to raise a $100,000 fund to establish a 
radio station to present the charms of that par- 
ticular section of the southwest. That this 
useful movement is growing cannot be but a 
cause for congratulation, for, as expressed by 
the Chairman of the Cincinnati Chamber of 
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acific & Atlantic 
A BOTTLE OF RADIO MUSIC 


Even empty whiskey bottles have a use, finds 

Victor La Force—f you can get your radio receiver 

inside of one. He built a complete crystal receiver 
in this bottle within seven hours. 
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Commerce, Edward J. Hoff, those in charge of 
the pioneer effort along this line will be only too 
happy to assist others and advise them in the 
light of experience, which may be summed up 
in this extract from his statement to the San 
Antonio committee: ‘‘We know the pitfalls; we 
know the objections that will be met with; we 
know the difficulty of raising money to pay the 
bills; we know that if you don’t raise sufficient 
money, you can’t put on high class programs; 
we know that if you don’t put on high class pro- 
grams your advertising would be against you 
rather than for you.” 

$ $ $ 


What Re-broadcasting Does 
for the Fan 


THERE is no small degree of pleasurable ex- 
citement in picking up the music and speech from 
stations in foreign lands, and more of such 
thrills are coming to us regularly with the rapid 
development of re-broadcasting and super- 
power. As we await the day, however, when 
such reception will be merely an incident in the 

rogram of each night, there is a slight shock 
or an American who picks up a London broad- 
cast announcement and finds the casual state- 
ment in print, that: “The Radio Revel, to be 
held by the B.B.C. and the Faculty of Arts at 
Olympia, will include dance music from Berlin, 
Amsterdam, Paris, Brussels, San Sebastian, 
Madrid, New York and Pittsburgh.”’ 

* $ $ 


The Best Location for DX 
Reception 


BRANDAMORE’S claim of being the prize location 
for long distance reception, which was heralded 
far and wide in the press not so long ago, has 
suffered a severe setback with the disclosure that 
a railway telegraph operator located at the small 
Pennsylvania town has admitted his reception 
of distant radio stations on an ordinary tele- 

hone line was a hoax. For two years Earl 

avidson mystified experts who were sent to 
investigate the phenomena. It was quite com- 
mon for the employees of the railroad to lift the 
telephone receiver to report a train and pickup 
a radio program Bente broadeant from Atlanta, 
San Francisco and occasionally from stations 
overseas. A concealed radio set connected to 
the telephone lines by means of a device worked 
out by Davidson, details of which he did not 
disclose, lay at the bottom of the mystery which 
has now been cleared up. Davidson lost his job 
as the result of the hoax. 

x * * 


The Radio Play Contest 


THE Hoover Cup, a silver trophy, is to be 
given to the winner of the radio play contest 
along with the $500 cash prize originally put up 
by WLS to create for the radio drama the equiva- 
lent of the scenario in motion pictures. The 
contest closed on February 1 with the announce- 
ment that the committee of judges is headed by 
Stuart Walker and the others to pass upon the 
plays submitted are Augustus Thomas, play- 
wright; George Arliss, actor; and James O'Don- 
nell Bennet, dramatic critic: 
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Harris & Ewing 


A RADIO SET MADE TO RECEIVE STATIC 
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This apparatus tunes in on all the static it can find while all other receivers are doing 

their best to avoid it. It is the static recorder employed by the Bureau of Standards 

at Washington to find out the main characteristics of this type of interference, espe- 
cially the wavelengths upon which it operates. 


The Broadcasting of 
Copyrighted Music 


THE long standing controversy between 
radio and musical interests about which I wrote 
some months ago as one affecting the public in 
the matter of whether or not radio listeners 
would continue to hear new and good music on 
the air, was the subject of a three-day discus- 
sion at the Fourth Annual Radio Conference 
at Washington. The basis of disagreement is 
the copyright law and although the sessions 
were hectic, no agreement was reached between 
the broadcasters and the Society of Authors, 
Composers and Publishers. Both sides agreed 
that there is only one solution to the problem, 
but since neither seemed willing to advance 
that solution except in private, and recom- 
mended to the conference that legislation be 
enacted to settle the question, the whole matter 
was tabled by recommendation of Secretary 
Hoover, who asked that further effort be made 
toward reconciliation. The music interests 
asked for payment each time a number is 
broadcast, payment to be on the basis of the 
record made of the daily renditions at each sta- 
tion with periodical settlement of the required 
fee as compensation to the music society. The 
amount of bookkeeping involved was thought 
to be an obstacle to adoption of this system, but 
there was no opposition to the plan on the part 
of the National Association of Broadcasters ; 
the spokesman for that organization, Paul 


Klugh, however, insisted that the music inter- 
ests would not consider such a proposal unless 
forced to do so by Congressional action. Al- 
though this method of payment was considered 
to be the logical plan upon which both sides 
could get together, no action was taken, and 
although a long fight is thought to be in pros- 
pect it seems only a matter of time when agree- 
ment upon this sensible solution will be reached. 
* * * 


Italy Adds to the Ethereal Choir 


THE projected station at Milan, Italy, will 
be similar to 2LO at London, equipped to 
broadcast. with 12 kilowatts, on 384 meters. 
It is being erected by the owner, the Union 
Radiofinica Italiana. 

* k + 


Radio Sets for the Blind 


THE worthy purpose of providing radio 
sets for the blind, the campaign for which 
it was my great privilege to open with a 
microphone introduction of the remarkable 
Helen Keller, more than a year ago, goes on 
apace with Boy Scouts in forty-eight states 
installing free of charge the two-tube outfits 
provided by the American Foundation for the 
Blind for afflicted persons who cannot afford 
to purchase a set. Within three months joy 
has been brought to 650 homes through this 
work, thus multiplying by seven the resolu- 
tion of the boys to do a good turn daily. 
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On the Trail of Old Man Static 


THERE is still no explanation of why radio 
reception should be stronger in winter, when 
static electricity leaps out of one’s hair or 
sparks out of the rug at one's feet, and weak in 
summer when there are apparently no static 
charges about us. This is the view held by J. 
K. Smith of the Stewart-Warner corporation, 
under whose direction an investigation of ‘‘fad- 
ing” on a scale never before attempted has been 
carried on through twenty observation stations. 
Readings taken every two minutes during the 
period of the tests are to be charted and the 
results averaged and plotted on a map similar 
to that issued by the Government Weather Bu- 
reau. A comparison of fading and static curves 
with those of the weather map should be of 
value in determining the effect of weather on 
radio reception, for reception in the year past 
failed to follow the accepted rules. There were 
clear cold nights when it was impossible to hear 
stations 500 miles distant, and there were warm, 
wet nights entirely free from static and perfect 
for broadcast reception from distant points. 


* * $ 


Linking the Home Telephone 
to Radio 


A NUMBER of times within my recollection 
word has been received from some radio fan tell- 
ing how he connected up his radio set and gave 
the neighbors on his party telephone line a treat; 
in fact, these reports are received with such regu- 
larity that the latest one from Guy Oglesby of 
Colony, Oklahoma, has added interest only 
because the connections were made with twenty 
farmers, instead of three or four. Quite a differ- 
ent matter, however, is the report received from 
R. A. Nevin of Hiawatha, Kansas, and made 
public by KOA. It appears to be a regular thing 
there for the telephone officials to provide radio 
loudspeaker service to widely scattered sub- 
scribers, an arrangement about which Mr. Nevin 
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makes this comment: “This system is ideal ex- 
cept that we take what the operator gives us. On 
the whole, however, he gives us the best.” 


* * * 


How Zanesville Reduces 
Interference 


THERE is a ten dollar fine coming to the resi- 
dent of Zanesville, Ohio, who uses a vibratory 
battery charger during the periods of broadcast 
reception, which is designated as between the 
hours of six in the evening through to five in the 
morning, in an ordinance recently passed, de- 
signed to keep the ether free from local inter- 
ference. 

* . * + 


Sweden Profits from 
Broadcasting 


SWEDEN is making money out of broađoasting. 
The Telegraph Administration came to the close 
of the year with a net profit of more than 150,000 
crowns and the broadcasting company which 
divides things up with the Government also re- 
ports large profits. More than 120,000 licenses 
were taken out by the Swedish fans and it is 
proposed that a reduction in the license fee is in 
order for 1926. The revenue from licenses is 
divided fifty-fifty between the Telegraph Ad- 
ministration and the broadcasting company, but 
of the other income the radio company receives 
75 percent. 

* * * 


The “Coming International 
Radio Conference” 


AT least sixty countries will be represented at 
the great International Radio Conference to be 
held at Washington within a few months, for the 
State Department has already received three 
score acceptances to its invitation to participate. 
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A RADIO SET WITH A TWO-METER RANGE 


This loop transmitler and receiver is one of the most eficient sets used by the U. S. Army, 
although it can only operate between 72 and 74 meters. On this short wavelength range, 


however, it can receive ten different stations 


1¢ of a meter apart. 


The loop antenna is 


enclosed in a metal frame. 
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RCA 
Loudspeaker 


MODEL 
100 


Get the boom of bass notes. 
Get the clear sweetness of 
high overtones. Give your 
set rare tone quality with 
this RCA Loudspeaker. It is 
particularly adapted to sets 
that use the new power 
Radiotrons. 


Radio Corporation of America 


New York Chicago 
San Francisco 


KCA~ Loudspeaker 
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The Best 1n Radio Equipment 


rary 


The staff of Brandes 
experts, with their 
background of ex- 
perience in acoustics 
since 1908, welcomes 
the opportunity of 
collaborating with 
the technical staffs of 
set manufacturers. 


T 2 
Beautiful, Too 
Anyone can claim “perfection” but in this case the verdict of super- 
quality is bestowed upon the new Brandes Cone bya highly critical 
audience of distributors, dealers and public. Any comparison is in- 
stant proof that it takes experts like Brandes to achieve both satis- 


fying reproduction and a beautiful cabinet. The ever increasing 
demand for the Brandes Cone is the final indication of its perfection. 


Acoustics by 


Brandes 


means the ultimate in reproduction 
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Always Something Worth While in 
PopuLar Rapio 


“WHEN I open Porutar Rapio / always find some- 
thing in it worth while.” 


PRESIDENT, INTERNATIONAL UNION 
OF SCIENTIFIC RADIO TELEGRAPHY 


From a photograph made especially for PopuLarn Rap1io by Campbell-Gray, London 


The Fastest Projectiles on Earth 


By special apparatus electrons can be separated from the atoms to which they belong and shot 

out in streams, as is being done in this special vacuum tube demonstrated recently at the 

Science Exhibition at Wembley, England. The lighter streak on the white, phosphorescent 

screen shows how the path of the electron stream is bent by the magnet which the operator holds. 
The speed of electrons in such streams may exceed a million miles a minute. 
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1,000,000 Miles a Minute 


Radio waves are the speediest thing in the universe. 
Only slightly less speedy are some of the tiny electrons 
which fly about inside the atoms of matter. The inter- 
action of the radio waves with these electrons, for 
example, when a wave reaches a receiving antenna, 
introduces us to an astounding new world of vast speeds 
and of infinitesimal time units—a world which this 
article describes. 


By E. E. FREE, PH.D. 


F you leave a silver dollar on your 

work table over night, and if you are 
reasonably lucky in your house com- 
panions, the silver dollar will still be 
there in the morning. In any event it 
will not have run away all by itself. 

But if you leave the family cat on 
the work table the result will probably 
be different. Kitty’s whereabouts in the 
morning are beyond prediction. 

That is the difference between motion 
and an apparent lack of it. 

The cat possesses a mechanism of 
muscles and nerves and whatnot which 
makes him self moving. The silver dollar 
—as it seems—does not. 

Nevertheless it would be a great mis- 
take to assume that the silver dollar was 
motionless. In fact, it contains a stupen- 
dous amount of motion—miullions of 
times more than that exhibited by a 
jumping cat. All this motion is internal. 
It is locked up, under ordinary condi- 
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tions here on earth, inside the atoms of 
silver in the metal. 

All atoms are believed to consist, you 
remember, of two kinds of very tiny 


separate particles. One kind are elec- 


trons, the same electrons which operate 
our vacuum tubes and energize our an- 
tennas and are so generally useful and 
indispensable in radio. The other kind of 
particles are the positive electric particles 
or protons. The simplest known atom is 
that of hydrogen gas. This has only two 
particles; one electron and one proton. 
The proton is at the center of the atom 
and the single electron revolves around 
it, much as our earth revolves around the 
sun. Other atoms are constructed sim- 
ilarly, but are more complex. The silver 
atom, for example, has a clump of some 
one hundred and seventy protons and 
electrons for its atomic sun. Around 
this revolve forty-seven electron plan- 
ets, each in its own orbit. There are 
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atoms still more complicated. One of 
them, uranium, contains nearly five hun- 
dred protons and electrons, 92 of the 
electrons being planetary ones and re- 
volving in a system of orbit§ so compli- 
cated that we do not yet understand it 
at all.* 

The speeds with which these electron 
planets traverse their orbits inside the 
atoms are so enormous that it is virtu- 
ally impossible to comprehend them. 
The fastest of them are believed to be 
two which occupy the inmost orbits in 
the atom of uranium. Their speed has 
been calculated as nearly 125,000 miles 
a second. 


*For an outline of modern atomic theory see: 
PoruLar Rapio for January, 1924, pages 41-48; for 
April, 1924, pages 319-327; for December, 1924, pages 
546-553. Sir William Brage’s articles on the atom in 
Porutark Rapio for August and September, 1925. 
January, 1926, and in this issue, may be consulted 
also. One of the best popular books on atomic theory 
is “Atoms and Rays,” by Sir Oliver Lodge, George 
H. Doran Company, New York City, 1924. 
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From a ERE by Athur Merrick for PortLar Rapio 
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fo PIEN l MAKS “MUZZLE VELOCITY « OFE 


Even the slowest of all known electron 
speeds, that of the single electron of the 
hydrogen atom, is believed to be over 
1,300 miles a second. In the atoms of 
the silver dollar the speeds range from 
about 12,000 miles a second up to over 
64,000 miles a second. A million miles 
a minute is slow in atom land. The 
uranium electrons reach three hundred 
times as much. 

These figures are as meaningless to 
most of us as is the difference between 
a billion dollars and a trillion dollars. 
We never hope to see either of them. 
But let us try—for the case of the speeds, 
not of the dollars—some comparative 
illustrations. 

Suppose that you have a family cat 
who is a great jumper and suppose that 
by some magical gland food or something 
you activate the cat to still greater 
prowess. Suppose he grows able to 
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RADIO'S NEAREST RIVALS IN SPEED 
The length of the wavy line at the top represents the speed of radio waves and of light, whick 


are the fastest things in the known universe. 
to scale. 


Below are a few electron speeds, all represented 
Ordinary speeds, like that of a rifle bullet, are very slow in comparison, as is indi- 


cated on the bottom line. 


1,000,000 MILES A MINUTE 
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THESE FLYING SHELLS ARE REALLY SLOW 
Although the shell leaves a big gun at a speed which makes it totally invisible except to the 
most rapid of instantaneous cameras, this speed is so much slower than the speeds of radio 
waves that an ordinary radio wave can pass back and forth along an antenna more than two 
hundred thousand times while the shell 1s movingas far from the gun mouth as you see ttabove. 


jump as fast as those speediest electrons 
in the silver dollar, those which move at 
the rate of 64,000 miles a second or 
more. Of course, such a cat would not 
remain very long on earth, for one good 
jump would take him off beyond the 
other side of the moon. 

Suppose that this activated cat and 
the silver dollar are both resting on your 
work table and suppose that the cat, as 
he jumps, knocks off the silver dollar 
so that it falls to the floor. Every one 
knows that it takes no great time for the 
dollar to fall. For most people, it falls 
too rapidly for muscular motion, no 
matter how quick, to catch it. 

But the dollar falls far more slowly 
than the cat jumps. If all this happens 
in New York City and if the cat jumps 
west, kitty will be passing San Francisco 


when the dollar has fallen about nine 
inches of its way to the floor. If the cat 
is speeded up a little more, so that its 
speed equals that of the fastest electrons 
in the atom of uranium, he will be on the 
other side of the moon before the clock 
ticks twice. If a man fell toward the 
center of the earth with the speed of 
these atomic electrons he would go 
clear through to China while an ordinary - 
individual was falling down on a slippery 
pavement . 

Other comparisons are possible on the 
basis of the amount of energy in the 
motion. A speeding locomotive, for 
example, is a very energetic thing. If 
it hits a solid obstacle like a wall or an- 
other locomotive, a vast amount of 
energy is set free. Everything is 
smashed. It would take many men ex- 
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erting energy with sledge hammers for 
days to break up the iron and steel of 
an engine as thoroughly as it is broken 
up in a second or two by a really first 
class wreck. 

Motion means, then, that much en- 
ergy is involved. The motion of the 
atomic electrons is no exception. Know- 
ing the speeds of the flying electrons in 
a silver dollar, it is possible to calculate 
without difficulty the energy that they 
possess. This turns out to be actually 
more than the energy involved in the 
speeding locomotive. It is, in fact, over 
four hundred times as much. 

A full sized railway wreck, with two 
heavy locomotives and trains of cars hit- 
ting each other head on, will set free 
only about as much energy as is con- 
tained in the motions of the electrons in 
ten cents’ worth of silver. 

Needless to say, if one suddenly 
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stopped this electronic motion in silver 
or in any other metal, the energy set 
free would be so vast that the entire 
atomic structure would probably dis- 
integrate. If some magician spoke to 
your silver dollar the fatal word that 
stopped its motion suddenly, that dollar 
would instantly evaporate into white 
hot gas. Tt is just as well, perhaps, that 
today’s scientist-magicians do not know 
this magic word or are likely, in the 
present state of atomic knowledge, to 
discover it. 

But what, you ask, has all this to do 
with radio? Granted that the electrons 
inside a silver dollar are executing a very 
speedy imitation of a whirling dervish, 
granted that the energy contained in 
them is vaster than a railway wreck and 
that their motion is comparable in agil- 
ity to that of an imaginary thousand- 
league cat; what of it? Does this help 


From a photograph made especially for PorprcLar Rapio by Campbell-Gray, London 
SPEEDY ELECTRONS BREAK UP ATOMS 


In this apparatus, exhibited recently at the Science Exhibition, at Wembley, England, a 

stream of high-speed free electrons is passed through nitrogen gas in the glass tube in the 

center. The atoms of nitrogen are hit by the electrons and disrupted. As they return to their 

usual forms light is produced. The observer is watching this light through the spectroscope. 

This photograph and that used as the frontispiece are published by special permission of the 
British Empire Exhibition Committee of the Royal Society. 
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From a drawing by Arthur Merrick for POPULAR RADIO 


ELECTRON SPEED WOULD REACH PACIFIC IN AN INSTANT 
Suppose that a cat could jump as fast as an electron does in the atoms of a silver dollar. And 


suppose that the cat jumped just as a dollar fell off a table. 
ctsco before the dollar had fallen a foot toward the floor. 


The cat would pass San Fran- 
This gives you some faint idea of 


the tremendous speeds which exist inside an atom. 


us to detect radio waves any better or 
to reach out for longer distances with 
our new short-wave transmitters? 

Not yet, perhaps. But the last word 
in radio has not been said. There are 
still worlds to conquer. The answer of 
the future concerning the value of study- 
ing atomic speeds and atomic time units 


may be very different to the answer- 


one might be tempted to give today. 

It is really this matter of our time units 
which is most important. We humans 
live in a world for which a second 
seems a short time and a million years 
a very long one. Yet there exists, we 
know, the greater universe of the stars, 
in which a million years is a very short 
time indeed. The age of even so young 
and transient an astronomic body as our 
earth is reckoned in billions of years and 
the age of a really vast sun in hundreds 
of billions. 

Just so there exists a tinier world of 
atoms in which the time units are far 
shorter, in comparison with ours, 


than ours are in comparison with the 
times which mark the lives and deaths 
of stars. Our fundamental time unit is 
the day, the time of one revolution of 
the earth about its axis. The fundamen- 
tal time unit for a hydrogen atom may 
be taken, perhaps, as the time in which 
its single electron revolves about the 
atomic nucleus. This time is approx- 
imately one six-quadrillionth of a sec- 
ond. Over six million billions of these 
revolutions occur in each of our seconds. 
Were this hydrogen-atom time unit 
taken as equivalent to a day, the time 
measured by a terrestrial second would 
stretch out, 1n comparison, for nearly 
eighteen trillion years; an even vaster 
difference, you notice, than exists be- 


tween our human time-scale and what 


is now believed to be the time-scale of 
the stars. 

When their time units are considered, 
radio waves and the still shorter ether 
waves that constitute light and X-rays 
and gamma rays belong to the.realm of 
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the atoms rather than to the time-world 
which is familiar to us. Ether waves 
move with the greatest speed now 
known. They probably possess the 
greatest speed which is possible to any- 
thing inside our universe. They are 
faster, even, than the speediest electrons 
in the speediest atom of uranium. 

A radio wave will move from Chicago 
to New York in a little less than one 
two-hundredth of a second, which is 
less time than it takes you to hear a re- 
volver shot fired within a foot of your 
ear. This same radio wave will pass 
along the length of a usual one-hundred- 
foot antenna in about one ten-millionth 
of a second. If it arrives at right angles 
to the antenna wire, the time which it 
has to influence the electrons in_ the 
wire is still shorter, probably substan- 
tially less than a billionth of a second. 

Like all the other figures which one 
rattles off glibly when atoms or ether 
waves are under discussion, these state- 
ments mean nothing whatsoever to the 
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average human mind. They must 
be visualized by comparison. The time 
occupied by a rifle bullet in leaving the 
gun barrel when a gun is fired is usually 
about one five-hundredth of a second. 
This is two hundred thousand times 
longer than the time which a radio wave 
takes to pass along the length of an an- 
tenna. While the bullet is leaving the 
gun there is time for as many back-and- 
forth reflections of a radio wave (or of 
a light beam) in a_one-hundred-foot 
antenna as there are individual letters 
of printed type in this issue of POPULAR 
RADIO. 

But, short as is the time which a radio 
wave spends thus in dalliance with your 
antenna, the times of the atomic rota- 
tions are far shorter still. Each of the 
atoms of copper in an antenna wire 
possesses 29 planetary electrons. The 
speediest of these electrons moves with a 
velocity of about 40,000 miles a second; 
the slowest has a speed of a little less 
than 10,000 miles a second. The times 


HOW ELECTRONS PRODUCE ETHER WAVES 


The white curves represent some of the orbits which may be occupied, in turn, by the single 
electron of an atom of hydrogen. Ordinarily, the electron revolves, with tremendous speed, in 


one or the other of these orbits. 


Under some circumstances, however, it may jump from one 


orbit to the other, as is indicated by the black lines. Such a jump sends out a pulse of ether 
energy in the form of light. 


Digitized by Google 
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From a drawing mace for POPULAR Rapio by Arthur Merrick 
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AN ATOMIC PICTURE OF A SILVER DOLLAR 
This diagram gives a rough idea of the structure of an atom of metallic silver. Each of the 
white curves represents the normal orbit of one electron. In all, there are 47 of them. One of 
the orbits extends much farther out from the center of the atom than do the others, and this fact 


is responsible for some of the peculiar chemical properties of silver. 


The actual atom is much 


more complicated than this simplified diagram. 


needed for one revolution are, respec- 
tively, about one five-sextillionth of a 
second, for the fastest eleetron, and 
about sixteen times as long for the 
slowest electron. Again, the figures so 
transcend human experience that they 
mean nothing. Let us compare them, 


however, with the time needed by the 


radio wave to pass the antenna. 

This time, we have just seen, is about 
one ten-millionth of a second. It is one 
two-hundred-thousandth of the time 
which a bullet needs to be fired out of a 
gun. Yet this short interval is over 
three hundred million times longer than 
the revolution time of even the slowest 
of the electrons in the copper atom. 
While a radio wave is passing once along 
the length of an ordinary antenna each 
of the electrons in the copper atoms will 
revolve from three hundred million times 
to over five thousand million times, de- 
pending upon whether one considers the 


slowest of the electrons or the fastest of 
them. 

Let us put this conception, also into 
more familiar images. Imagine a vast 
line of airplanes arranged, one behind 
the other, in a field. Imagine the pro- 
pellers of all of them spinning at the 
rate of six thousand revolutions a min- 
ute, which is quite fast even for an air- 
plane propeller, easily fast enough to lift 
the plane off the ground. But the planes 
are imagined held down somehow, each 
propeller spinning. Let these typify 
the spinning atoms of copper in the 
antenna wire. 

Now let us imagine a projectile of 
some sort fired past all these spinning 
propellers, or through them, to represent 
the moving radio wave which comes 
along and traverses the antenna. How 
fast will this projectile have to move 
to bear the same speed-relation to the 
revolving propellers that the radio wave 
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bears to the fast revolving atoms? 

The answer is a surprise. ‘The speed 
of this projectile need not be more than 
one third of an inch a day. The slowest 
snail would be bored were he compelled 
to travel no more rapidly. Even mo- 
lasses in January flows faster than this. 

In fact, then, radio waves are not so 
fast after all, when they are compared 
with the astounding number of revolu- 
tions made by the electrons in the atoms. 
This does not mean, of course, that the 
speeding electron actually moves through 
space faster than the radio wave does. 
That, we have said, is probably impos- 
sible. What happens is that the atomic 
orbits are so small that the radio wave is 
in the substance of the antenna long 
enough for a vast number of individual 
atomic rotations to occur; a number 
which could be represented, with any 
adequacy at all, only by enough air- 
planes to fill the whole earth. 

The practical point is that the speed 
of radio waves and the speeds of atomic 
rotation belong to the same order; they 
are parts of the same time-universe, the 
universe whose proper unit is a billionth 
of a second or less, instead of the day- 
unit or the year-unit which we find more 
convenient. As science progresses in the 
study of the interaction between ether 
waves, and the atoms and electrons of 
matter we shall have to devote more and 
more attention to this inconceivably 
rapid and short-timed universe where 
billionths of a second are long. 

This interaction of matter and radia- 
tion constitutes the greatest present-day 
problem of physics. If ether waves did 
not affect the atoms of matter at all we 
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‘would have no way of knowing that such 


waves exist, for we ourselves are com- 
posed of matter. Light is an example. 
A fire consists of a vast assemblage of 
atoms in trouble. Because of intense 
chemical reaction or perhaps merely be- 
cause of heat, these atoms are losing and 
gaining electrons very rapidly. Such 
electronic shifts produce ether waves of 
light. These waves fly off with their 
tremendous speed of 186,000 miles a sec- 
ond and come, some of them, into a 
human eye. Here they meet atoms, the 
atoms of the retina. They do something 
to these atoms. No one knows just 
what they do but many scientists now 
believe that they cause the emission of 
electrons from these atoms, just as light 
rays do in the photoelectric cells now 
coming into use in the radio transmission 
of pictures. Whatever happens in the 
retina, the ultimate result is an electric 
message. to the brain. The owner of 
the eye sees light. . 

There is involved, you perceive, a suc- 
cession of interactions between the atoms 
in the fire, the ether waves and the 
atoms in the eye. Similarly, the longer 
radio waves affect in some manner 
the electrons in wires, so that radio re- 
ception becomes possible. All these in- 
teractions, so vital to almost everything 
in the universe, occur in very tiny 
spaces, spaces belonging to the size-scale 
of the atoms. They occur, too, in very 
tiny times, times of the order of bil- 
lionths of a second or less. In the time 
while a silver dollar is falling from your 
work table to the floor whole lifetimes 
of atomic changes may have come and 
gone. 


‘“‘\Master-Lessons’’ Broadcast to 1,000,000 School Children 


“AMONG our 25,000,000 school children in the United States, there are 
‘probably 1,000, 000 who are studying approximately the same subject at the 


same time. 


Were there a radio set in every school, it would be possible to 


broadcast master-lessons in various subjects which would be rich in sugges- 


tion. 


Geography could be made an adventure by introducing frequent 


talks by men and women who had recently visited areas which the children 


were studying. 


Every state school system should investigate the possi- 


bilities of using this new tool—probably the greatest contribution to the 
advancement of popular intelligence since the invention of movable type at 


the middle of the 15th Century.” 


—Joy ELMER MORGAN 


q 


amateurs? 
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Are you Po, t to join the army of 17,000 transmitting 
f so, _ article will tell you how to do it 
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HOW TO LEARN THE CODE 
The man in the picture is sending himself code letters on a buzzer which he hears 


in the headphones. 


This is one good way to practice the receiving speed required 


for an operators license. 


HOW TO GET 


An Operator’s 


Ticket’ 


What you must know about radio to pass the Government’s 
First-grade Operator’s examination—and how you can pre- 
pare for it 


By HOWARD S. PYLE 


HE embryo amateur, enthusiastic 

over the prospect of actually own- 
ing and operating radio equipment for 
talking back to those he hears, is of two 
classes. 

Foremost are those who enter any 
project in which they become interested 
with a whole-souled enthusiasm that 
closely approaches foolhardiness. . These 
rush madly into the amateur game and 
purchase many dollars worth of trans- 


mitting equipment, and after confidently 
assembling it, they write a letter, or call 
in person at the office of the Supervisor 
of Radio for their district and request 
“a license, please!’ And here they meet 
their first brick wall, for no amount of 
battering will break down the necessary 
formalities of obtaining a license to 
operate their equipment. 

The second class of enthusiasts about 
to enter the amateur field are those who 
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proceed cautiously and methodically in 
any project which they undertake. They 
discover almost: immediately, generally 
through conversation with some local 
amateur, that Uncle Sam insists on a dem- 
onstration of their telegraphing ability be- 
fore the dreaded Omnigraph, or “infernal 
machine” as it is often called. He will 
also inquire further into their knowledge 
of radio through the medium of a com- 
prehensive written examination. Our 
seeker for an amateur license then, will 
as his next step, endeavor to gain some 
information on what to study and on 
just what points to prepare himself for 
such an examination. And here he meets 
his brick wall! 

Obviously, the question sheets of the 
Department of Commerce are not public 
property in the sense that they are not 
promiscuously distributed to those who 
express a desire for them. On the con- 
trary, they are carefully guarded in the 
Radio Supervisors’ offices. There is, of 
course, no objection to the general gist of 
such papers being known, for it serves 
as a guide to enable concentration of 
effort along the proper lines, to a 
prospective applicant. For instance, it 
would be extremely foolish for a student 
to laboriously master the fundamentals 
and circuits of arc transmitting equip- 
ment in preparation for an examination 
where such material would be foreign. 
But nevertheless, an intelligent and help- 
ful guide to preparedness for the ama- 
teur examination is practically impos- 
sible to secure. 

This article tells the requirements for 
the amateur, first grade, radio opera- 
tor’s license. 

The Department of Commerce, in 
drawing up the examination questions, 
had certain points in mind. Foremost, 
of course, was the ability of the applicant 
to use the telegraph code. Obviously, 
it would be useless, as well as actually 
dangerous, to issue a license to a man 
who had an excellent theoretical knowl- 
edge of radio communication, but who 
could not distinguish the characters of 
the International telegraphic code. He 
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could cause untold damage by operating 
his equipment in times of distress, thus 
causing interference with important ` 
communication. A vessel in grave peril, 
sending an SOS, would be greatly ham- 
pered in securing aid or might even 
sink in the event that her distress sig- 
nals were so interfered with as to pre- 
vent their reception ashore. It was 
therefore decided that amateur radio 
operators must be familiar with the Con- 
tinental code to the extent that they could 
recognize distress signals sent slowly and 
repeated a number of times. 

An arbitrary speed of five words a 
minute was originally agreed on as 
sufficient, but experience proved it to 
be too slow. The rate was accord- 
ingly increased to ten words a minute, 
counting five letters, numerals or other 
characters to the word. An applicant 
is really offered five opportunities to 
demonstrate his ability to translate sig- 
nals at this speed. Straight, readable 
matter, containing no numerals or punc- 
tuation is sent him during a five minute 
period. He is required to copy but ten 
consecutive words (fifty letters) to se- 
cure a passing grade, from the fifty 
words (250 letters) sent him. It is 
assumed, however, that he will put 
down a reasonable portion of the bal- 
ance, in addition to the required number. 

Up until a few years ago, no attention 
had been paid to an operator’s ability to 
transmit the code characters. It was 
assumed that anyone capable of receiv- 
ing the code, could satisfactorily transmit. 
for mastering the handling of the key 
is popularly supposed to be extremely 
simple. Large numbers of operators, 
notably at sea, were later found, on 
observation, to have extremely poor 
“fists” as their sending hand and style 
is termed in radio phraseology. Some 
really good operators fell into the rut 
and developed what they were pleased to 
call, “individual style” in their sending. 
Oldtimers will recognize this as what 
is often referred to as the “Lake Erie 
Swing? on the Great Lakes and by 
similar descriptive names on the coasts. 
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Underwood & Underwood 


A RADIO “COP” CHECKS UP ON RADIO “PIRATES” 


If an amateur operates without a license or “jumps” his wavelength, a Federal 
inspector will catch him with the direction-finding apparatus shown in the picture. 


It is true that practically all experi- 
enced operators have some individualism 
in their sending, but it has come with 
experience, naturally; not through mis- 
spent effort to develop a radical style. 
It does not necessarily mean that the 
formation of the characters is impaired ; 
rather, it is often an improvement on the 
mechanical sending of automatic devices 
which reproduce the characters pre- 
cisely and automatically. 

This practice of purposely chopping 
up the dots and dashes, as well as lack 
of training in sending, led the Depart- 
ment of Commerce to inaugurate a 
transmission test, and now all radio 
inspection offices are equipped with keys 
and buzzers, as well as tape recorders, 
and an applicant must show up equally 
well in his transmitting ability as in his 
receiving speed. 


OPERATOR'S 
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It is required, in the case of amateur 
applicants, that they transmit fifty well 
formed characters (ten words) con- 
secutively, without error, from a group 
of two hundred and fifty letters (fifty 
words) supplied them for copy. A 
speed of ten words a minute must be 
maintained throughout. A tape record 
of their transmission, as well as a copy 
of their receiving test, is filed with their 
application as part of their record. 

Before you appear for your examina- 
tion, you should be able to copy from 
13 to 15 words a minute under ideal 
conditions, that is, from your own set 
at home with no interference, either 
extraneous noise or radio interference. 
You are bound to lose your ability 
slightly, due to a natural nervousness, 
when you appear for examination. The 
same applies to your transmission, al- 
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though not as a rule in the matter of 
speed. - Formation of your characters 
has a great deal to do with your suc- 
cess, and you should therefore devote 
much of your time to proper spacing 
of letters and words, rather than to ac- 
quiring great speed; that will come 


with practice. Learn to grasp your key . 


firmly, and eliminate the tendency to 
nerve: sending, by allowing your entire 
forearm to rest on the table. 

The majority of amateurs use vacuum- 
tube transmitters and oscillating re- 
ceivers. The forms are wide and varied, 
but the underlying principles and the 
theory of operation are identical. But 
to just the same extent do they differ 
from commercial types of transmitters; 
marine and shore stations. The theory 
involved is the same, but beyond that the 
two have nothing in common unless it be 
the use of vacuum tubes. Naturally, in 
appearing for your examination, for an 
amateur class of license, the Government 
is not interested in what you may know 
of commercial installations. It wants to 
be assured that you know enough about 
your own equipment to handle it intelli- 
gently, and to determine this point, the 
entire series of questions is based on 
your own transmitter; not on one you’ve 
seen on a steamer or in a broadcast sta- 
tion, but the one that is actually on your 
own operating table! 

You can hold an operator’s license 
even if you own no transmitter, but in 
this event, you are required to answer 


your questions covering the transmitter: 


you propose to operate, which may be 
that of a friend, or one you are now 
building. The first point in connection 
with your station which will demon- 
strate your knowledge of your apparatus, 
is the method in which it is connected. 
Just like your more advanced brother, 
vou are required to show a complete 
diagram of the transmitter, receiver, 
antenna and source of power. This 
must be complete in every sense of the 
word; each part being properly named 
and a brief description of its use let- 
tered on the diagram! The examiner 


tuned. 
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can therefore tell by a glance at -your 
first sheet, about your fundamental 
knowledge of radio circuits. 

A brief and sketchy description such 
as you are permitted to make on the 
diagram to illustrate the use of each 
device, does not mean that you under- 
stand its theory and functioning. In 
order to determine this, the Government 
will ask you for a complete description 
of the operation of your transmitter and 
receiver. This does not mean that you 
are to say, “I. throw my antenna switch 
to the transmitting position; cut in my 
power and work my key.” What is 
wanted is something like this: 

“Using the alternating current of the 
house lighting circuits, through the 
medium of a step-down transformer, the 
filament of the vacuum-tube oscillator is 
brought to incandescence, thus emitting’ 
an electronic stream, which is caused 
to flow to the plate by reason—” | 

Carry out this description through 
your entire transmitter and receiver, ex- 
plaining how oscillations are generated, 
how controlled and how the circuits are 
Do not be too brief, for you 
will be marked in exact accord with 
knowledge your answers show. — 

An extremely important requirement 
of the Federal law is that your trans- 
mitting wavelength be maintained within 
proper limits. General amateurs are at 
present allotted the wavelengths be- 
tween 150 and 200 meters for regular 
use, and if your apparatus has a coupled 
antenna circuit and is capable of pro- 
ducing what is known as a pure continu- 
ous wave unmodulated by voice, buzzer, 
chopper, commutator ripple or alternat- 
ing current hum, you can request per- 
mission to operate on either 75. to 80 
meters, 40 to 43 meters, 20 to 22 meters 
or 4 to 5 meters. It may be readily seen 
that is it therefore important that vou 
know how to measure your emitted wave. 
as well as what apparatus is used to 
effect such a measurement. You will be 
questioned on these points, and it is best 
to gain a rather comprehensive knowl- 
edge of these measurements before you 
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“BRASS POUNDERS” TAKING THE GOVERNMENT TEST 


Besides answering technical questions about transmitting, receiving and radio 

auxiliary apparatus, the “ham” must take down Morse Continental code messages. 

An examiner in an adjoining room sends the dots and dashes which the license 
applicant hears in the headphone he wears. 


appear before the Federal examiners. 

While a knowledge of the Federal 
wavelength requirements and methods 
of measurements is essential, there are a 
number of other laws bearing both di- 
rectly and indirectly on amateur sta- 
tions that are extremely important. A 
good bit of your examination will be 
based on the essentials of such legisla- 
tion. Let us consider then, the high 
lights in the present radio communication 
laws, where they affect amateur stations 
and operators. 

When you are issued your station li- 
cense, the Supervisor of Radio will in- 
clude with it a small card bearing ex- 
tracts from the law regarding the secrecy 
of messages and false signalling, with 
the penalties therefor. You should 


familiarize yourself with these provisions 
so that no little detail escapes you. 

You will find that no message, regard- 
less of its contents or its apparent sur- 
face harmlessness, may be divulged other 
than to the person to whom addressed; a 
station engaged in relaying such com- 
munication, or to a court of competent 
jurisdiction. Of course, as in all things, 
there are exceptions. If the message 
bears the address: “To all ships and 
stations” as Government weather re- 
ports generally do, then the information 
is meant to be public property. The 
signal “OST” (meaning, “General call 
to all stations”) has the same meaning, 
and such information may also be safely 
dispensed. But be sure that the address 
clearly indicates the message to be public 
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From a photograph made for PopuLaArR RADIO 
HOW TO LEARN THE CODE IN PICTURES 


One amateur memorized the code by painting it on the wall of his bedroom. Each 
letter in the picture is built up of heavy dots and dashes which are the outline of 


a particular letter. “A” for instance is dot dash. 
and the dash is the line that connects the two legs of the letter. 
“S,” for example, has three dots. 


is the code symbol for the letter. 


property; otherwise you are subject to 
a rather heavy fine or imprisonment! 
Familiarize yourself with these penalties 
as well as the provisions of the para- 
graph. False signalling— fraudulent dis- 
tress calls and similar matter are e.r- 
tremely serious offenses. The fine and 
imprisonment for violation are particu- 
larly severe. Be sure that you know this 
law as well. 

You will find, specified in your sta- 
tion license, a clause to the effect that 
you can use power ‘““—not to exceed one 
(or one half) kilowatt input.” This 
means that if you are in the general ama- 
teur cłass, which means five or more 
nautical miles from a military or naval 
station, that your maximum power con- 
sumption in the plate circuit of your 
transmitter must not exceed one thousand 
watts. Should you be within the re- 


The dot is at the top of the “A” 
Below cach letter 


stricted class (or five mile circle) this is 
reduced to five hundred watts. How- 
ever, this is specified as the maximum 
power allowed you for any communica- 
tion. It will be found by reference to 
the communication regulations, that you 
are required to use the least amount of 
power to cover the required distance. 
In other words, if your transmitter has 
a normal full power range of five hun- 
dred miles, you are violating the law if 
you use such power for local communi- 
cation. It must be reduced to the least 
amount necessary to insure the reliable 
exchange of signals. If every telegraph- 
ing amateur followed the law, much inter- 
ference would be eliminated. 

The present radio communication laws 
were drawn up twelve years ago. They 
have been amended since, but they are 
still essentially the same. This is true 
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of both our own laws and the draft of 
the London Convention, which regulates 
practically all of the radio activities of 
the world. 

At the time such legislation was en- 
acted, there were few stations, and fewer 
trained operators. In order to provide 
the operators with sufficient “practice” to 
keep them in form, as well as to enable 
instruction of new men, practice “over 
the air” was permitted where it did not 
interfere with other radio communica- 
tion. Twelve years ago this was easily 
possible. The law remains the same to- 
day, but the effect is entirely different, 
for there are probably but a scattered 
few places on the earth where practice 
carried on in the air would not cause 
Interference with some other station. 
At any rate, within the territorial limits 
of the United States, it is safe to say 
that to follow the strict letter of the law 
means that practice is really prohibited. 
The same holds true for superfluous sig- 
nals and “service talk.” 

The rest of the “exam” is based on 
the Radio Communication Laws of the 
United States and on the International 
Radio-telegraphic Convention. Complete 
drafts of both documents will be found 
in the book entitled “Radio Commu- 
nication Laws of the United States,” 
which may be obstained from the Super- 
intendent of Documents, Government 
Printing Office, Washington, D. C., at a 
cost of fifteen cents in currency, (stamps 
are not accepted). The writer cannot 
urge too strongly that every prospective 
amateur secure a copy of this publica- 
tion and become thoroughly versed in the 
paragraphs bearing on amateur equip- 
ment. There are not many, and it is not 
necessary to memorize the wording: but 
satisfy yourself that you have a good 
understanding of the meat in each para- 
graph. In addition, learn the abbrevia- 
tions commonly known as the “Q” sig- 
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nals, which can be obtained from almost 
any radio book. They will also be found 
in the rear of the Government publica- 
tion above mentioned. 

Examinations for the amateur grade 
of radio operator license are held on . 
regular schedules in the various radio 
inspection offices throughout the country. 
Usually each supervisor has a special 
day set aside for this purpose. In the 
Eighth District, with headquarters at 
Detroit, Michigan, for example, “Ama- 
teur Day” is Saturday. The examinations 
are usually scheduled for 10.00 A.M. 
and it is wise to appear promptly at thar 
time, for the examining officer dislikes 
to be compelled to run the code test 
again for late-comers. Should you not 
be located convenient to one of the dis- 
trict offices, and a fixed day would there- 
by inconvenience you, a special appoint- 
men can generally be made. Communi- 
cate with your supervisor in this respect. 
To those who are really remote from an 
inspection office, a temporary permit, in 
the form of an amateur’s second grade 
license may be issued, upon receipt of 


„answers to a questionnaire accompanied 


by an affidavit attesting your code ability. 
The holders of such temporary permits 
are then required to appear for. personal 
examination when a Radio Inspector 
conducts such tests in your district. 

The amateur game is one of the most 
satisfying and productive hobbies avail- 
able. To young men and boys it opens 
a field for experimentation that cannot 
be equalled in any other art. It has an 
excellent influence on a growing boy and 
tends to keep him from the companion- 
ship of questionable characters. Today 
amateurs are counted in six figures. 

Let the aspiring applicants to the 
“blue ticket” of the full-fledged amateur 
be encouraged and may the great fra- 
ternity remain foremost among the coun- 


-try’s youthful experimenters! 


“Fifteen Ways to Reduce Static ” 


—will appear in the next issue of Poputar Rapio—for May 


AN ORDINARY TUNED ANTENNA CIRCUIT. 
FiGurE 1: This is an example of a tuned circuit which has the voltage introduced in a 
part of the circuit exterior to the coil. Broadcast receivers generally make use of an untuned 
antenna circuit. 


What a Straight-line Frequency | 
Condenser Really Is 


If you want to know all that goes into the production of a condenser with 

true straight-line-frequency characteristics, what value a low minimum 

capacity has—or has not—and what straight-line-frequency really means, 
read this article by— 


HERBERT J. HARRIES 


T isn’t so very long ago that the 
I “sacred angle” of the coils in the 
neutrodyne was the principal subject 
of discussion whenever two or more 
dyed-in-the-wool radio enthusiasts met at 
luncheon. At any rate, each was certain 
that he had the right “dope” on the exact 
number of degrees, and tenths of a de- 
gree, necessary to make the thing “neut” 
properly. | 

But now the sacred angle is forgotten 
and the straight-line-frequency condenser 
has become the favorite topic. Opinions 
concerning its virtues, and vices, seem to 
be nearly as much at variance as those 
concerning the proper angle for neu- 
trodyne coils. 

One gathers, from what one hears, and 


reads, that the  straight-line-frequenc’ 
condenser— 

(a) is the perfect panacea for all the 
ills to which a radio set may be 
subject, not excluding de-thori- 
ated filaments and exhausted “P 
batteries ; 

(b) is “all the bunk,” and a darned 
clever idea to sell more condensers 
to an unsuspecting public; 

(c) theoretically cannot be designed 
but in practice can be approxi 
mated by a cut-and-try process: 

(d) can be designed with mathematica! 
exactness and manufactured wit! 
any reasonable degree of pre 
cision. 

Presumably in all these contradiction 
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WHAT A STRAIGHT-LINE CONDENSER REALLY IS 


there are some whole truths, some half- 
truths and some un-truths. At any rate, 
manufacturers are making and selling 
something they call  straight-line-fre- 
quency condensers. 

At this point a pertinent question is: 
What and why is a straight-line-fre- 
quency condenser ? 

Taking up first the why part of this 
question, we must consider some regula- 
tions made by the Department of Com- 
merce. 

In the early days of radio communica- 
tion it was customary to say that a sta- 


.tion.transmitted on a certain wavelength. 


This usage was continued when broad- 


-casting was inaugurated, and even to this 
.day stations are listed according to their 


wavelengths. However, it has been found 
that wavelength is an inconvenient stand- 
ard and it is being replaced by another 


‘Standard, the frequency. 


The reason for this is that, to prevent 
interference between stations, it is neces- 
sary to separate them according to a defi- 
nite rule. This works out in such a man- 
ner that KYW (536 meters) must trans- 
mit about ten meters below KSD (546 
meters) to prevent interference, whereas 
the separation between WJJD (303 
meters) and WPG (300 meters) need 
be only a third as much for satisfactory 
transmission. As we go farther down 
the meter scale the required separation 
becomes less. 

Experiment has shown that if the fre- 
quencies of the transmitting stations dif- 
fer by exactly ten kilocycles no inter- 


THE MOST COMMONLY USED 
TUNING CIRCUIT 
FiGuRE 2: In this common circuit of the radio 
anner the voltage (represented by E) is induced 
n the coil ttself. The coil L will have some dis- 
tributed capacity. 


‘ kilocycles 
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A CIRCUIT EQUIVALENT TO THAT 
OF FIGURE 2 
In thts circuit L is a pure inductance 
and its distributed capacity ts represented as Cl. 
C2 is the tuning condenser. 


FIGURE 3: 


ference is experienced. Consequently, 
the Department of Commerce has allo- 
cated frequency bands to the broadcast- 
ing stations. KSD is permitted to use 


the band between 545 and.555 kilocycles 


and the frequency of its carrier wave is 
maintained at 550 kilocycles. KYW is 
required to maintain its carrier wave at 
a frequency of 560 kilocycles, just ten 
higher. In a like manner 
WJJD uses a frequency of 990 kilocycles 


and WPG uses ten kilocycles more, or 


1,000 kilocycles. Thus, it is seen that at 
every ten kilocycle division along the 
broadcasting frequency range there is a 
broadcasting station. | 

The what part of this question now is 
clear. We wish to have all these sta- 
tions distributed uniformly over our dials 
so we use condensers in which the plates 
are shaped so as to give that uniform 
distribution. In other words, we wish 
to get uniform separation of frequencies, 
rather than uniform separation of wave- 
lengths. As a matter of fact, the term 
wavelength, used in connection with 
broadcasting stations, is obsolete, and the 
sooner it 1s dropped the better. 

The next question is: Is it possible to 
design and manufacture condensers 
which will give to the circuit in which 
they are used a perfectly straight-line- 
frequency tuning characteristic; that is, 
perfectly uniform separation of the sta- 
tions on the dials, or are there reasons 
why such a design is theoretically or com- 
mercially impossible and which make it 
necessary to accept a design only approxi- 
mately giving the desired characteristic ? 
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It is not necessary to have an elabo- 
rately equipped laboratory at one’s serv- 
ice to investigate this question, for it is 
simply a matter of effecting a compromise 
between a mathematically perfect design 
and one which is commercially accept- 
able. Therefore, let us look into it first 
from the purely mathematical viewpoint, 
and then from the commercial viewpoint. 

As a preliminary measure let us recall 
some of the facts we know concerning 
coils and tuned circuits. 

In the first place, we know that a coil 
has two values of inductance, its pure 
inductance, and its apparent inductance. 
If it were possible to wind coils that had 
no distributed capacity we should have 
only the pure inductance to consider. But 
every coil has some distributed capacity, 
and under certain conditions that capacity 
leads us to think the inductance is more 
than it really is. We call this observed 
value the apparent inductance. 

Also, we use two kinds of tuned cir- 
cuits. In one the voltage is induced 
somewhere in the circuit exterior to the 
coil. An example is the antenna circuit 


of Figure 1. a 
The coil L is in series with the variable 

condenser C and the source of voltage E. 

In the other the voltage is induced in the 


- coil itself. 


. condenser. 


THE HYPERBOLIC SPIRAL THAT DETERMINES THE SHAPE 
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An: example of this type of 
circuit is the usual tuned circuit shown in 
Figure 2 where the voltage is induced 


.within the coil as indicated. 


When considering the circuit of Figure 
l it is somewhat simpler to calculate the 
change in the apparent inductance with 
the frequency, according to a formula 
available for that purpose, and use those 
values in circuit calculations. This is 
because the coil and its distributed ca- 
pacity, shown as a dotted condenser in 
Figure 1, are in series with the variable 
When considering the cir- 
cuit of Figure 2, it is simpler to disregard 
the apparent inductance entirely. The 
capacity of the coil is in parallel with the 
capacity of the variable condenser, so we 
use the constant value of the pure induc- 
tance and add the coil capacity to the 
condenser capacity to determine the total 
capacity in the circuit. The equivalent 
circuit is shown in Figure 3 where L 
is the constant pure inductance, C, the 
constant distributed capacity of the coil, 


and C, the adjustable capacity of the con- 


denser. 

The circuit of Figure 1 is of compara- 
tively little interest to the builder of 
broadcast receiving sets, since an untuned 
antenna circuit is in almost universal use. 


OF THE PLATES 


FIGURE 4: Such a curve gives the outline of the plates for a straight-line-frequency con- 
denser. A section of this curve which gives a variation in capacity proportional to the 
frequency range to be covered is chosen. 


WHAT A STRAIGHT-LINE CONDENSER REALLY IS 


A SECTION OF THE HYPERBOLIC SPIRAL 


This section of the original curve is correct for tuning in stations that have a 
2:1 frequency ratio. That is, tt would tune in a series of stations between 500 and 1,000 
kilocycles or any other series whose maximum to minimum frequency has the ratio of 2:1, 


FIGURE 5: 


So we may confine our study to the cir- 
cuit of Figure 3. 

The frequency to which this circuit is 
resonant; that is, the frequency at which 
the reactance of the coil becomes equal 
and opposite to the reactance of the con- 
denser, and thus neutralizes it, is given 
by the formula 


pr = 1592008 
L (Ci +.) 


Hence, knowing the frequency of any 
station desired, and the inductance and 
distributed capacity of the coil, we can 
calculate the value C, must have to tune 
that station in. 

An important point which we must not 
overlook is that we are not interested in 
what value of the inductance or capacity 


of the coil may be, nor in the manner’ 


in which the capacity of the condenser 
varies as the dial is turned. What we 
are interested in is the result of the com- 
bination of those factors; that is, we are 
interested only in the frequency to which 
the circuit becomes resonant as the dial 
is turned. 

It is evident, therefore, that in designing 
a condenser to give the circuit a straight- 
line-frequency tuning characteristic we 


must consider, in order, the frequency 
range we wish to cover, the inductance of 
the coil we wish to use, and the distrib- 
uted capacity of that coil. 

The problem confronting the condenser 
manufacturer, therefore, is that of pro- 
viding a condenser wherein the capacity 
varies in such a manner that it will tune 
the circuit to a range or frequencies uni- 
formly distributed over the dial. For 
example, if the desired frequency range 
is 500 to 1,500 kilocycles, the condenser 
capacity should be proportioned so that, 
using a coil of given inductance and dis- 
tributed capacity, a 600 kilocycle station 
will tune in at 10, a 700 kilocycle station 
at 20, a 1,000 kilocycle station at 50, and 
so on. 

The exact manner in which the con- 
denser capacity. varies to accomplish this 
is not of interest. The only considera- 
tion of interest is the variation in the 
resonant frequency of the circuit as the 
condenser dial is turned. 

Neglecting the coil capacity for the 
moment, and considering the total ca- 
pacity of the circuit to be concentrated 
in the condenser, it is apparent that it 
must vary inversely as the square of the 
frequency, that is, the outline of the 
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plates must be a hyperbolic spiral. Such 
a spiral is illustrated in Figure 4. 

It is evident we can select a portion of 
this curve which will give us a variation 
in capacity proportional to any frequency 
range we wish to cover. This brings up 
another consideration, the frequency 
ratio, which is simply the ratio of the 
highest frequency to which we wish to 
tune to the lowest. 

For the range 500 to 1,000 kilocycles, 
a ratio of 2:1, we would use that part 
of the curve proportional to that ratio, 
that is, the portion included between ‘7 
and 2r, as in Figure 5. For the range 
500 to 1,500 kilocycles, a ratio of 3:1, we 
would use that portion included between 
x/2 and 3r/2, as in Figure 6 For the 
range 500 to 2,000 kilocycles, a ratio of 
4:1, we would use that portion included 
between 2/3 and 47/3, as in Figure 7. 
If we wished to cover a very narrow 
range, such has 500 to 600 kilocycles, a 
ratio of only 6:5, our plates would be 
very nearly circular and we would use 
that portion between 5r and 67, as in 
Figure 8. 

It is apparent, by this time, that the 
factor which determines the curvature of 
the plates, is the frequency ratio. Also, 
the curvature is different for different 
ratios, if we do not want the stations con- 
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centrated on fifty to seventy-five percent 
of our dials. 

Plates shaped according to these curves 
would give the circuit a perfectly straight- 
line-frequency tuning characteristic over 
the desired frequency range if the coil 
had no distributed capacity. To com- 
pensate for the capacity of the coil, it 1s 
necessary to modify the outline of the 
plates so that, in the final design, the vari- 
ation in condenser capacity is not in in- 
verse proportion to the square of the fre- 
quency. It is such, however, that the 
variation in the total circuit capacity 1s 
inversely proportional to the square of 
the frequency. 

We can consider this question of de- 
sign from a different angle by considering 
the circuit of Figure 3. Using the for- 
mula given previously it is a simple matter 
to calculate what values C, must have 
at any setting of the dial to give the cir- 
cuit a straight-line-frequency tuning char- 
acteristic when used in conjunction with 
a coil. 

_ Suppose, for example, we decide we 
wish to cover the range 500 to 1,500 kilo- 
cycles. Let us assume that the minimum 


capacity of the condenser is 15 mmfd., 
which is a fair value, and that the distrib- 
uted capacity of the coil is 10 mmfd. 
Then the minimum capacity of the cir- 


THE SECTION OF THE SPIRAL FOR BROADCAST FREQUENCIES 


This section of the curve gives the plate shape for obtaining a 3:1 freq 
It would tune in stations having frequenctes between 500 and 1,500 ktlocycles, whick 


FIGURE 6: 
ratio. 


is approximately the broadcast range. 


WHAT A STRAIGHT-LINE CONDENSER REALLY IS 


A SECTION FOR COVERING A WIDE FREQUENCY RANGE 


FIGURE 7: 


cuit is 25 mmfd. and the inductance re- 
quired to tune to 1,500 kilocycles is 


1592007 _ _159200 
fe(GitCs) 1500x 25 


= 451 microhenries. 


Using this value of inductance we find 
that to tune to 500 kilocycles 


159200? 159200 
+A) + f?L 7 500? x 451 


and C, = 225 — 10=215 mmfd. 

We could determine the maximum ca- 
pacity required in the circuit in another 
way. The required capacity ratio equals 


(C + 225 mmfd. 


This section of the curve has been selected to cover a 4:1 frequency ratio. 


Plates 
of thts shape would spread a band of stations between 500 and 2,000 kilocycles uniformly 
over the tuning dial. 


the square of the desired frequency ratio. 
We wish to cover a 3:1 frequency ratio 
so the required capacity ratio is 9:1, that 
is, the maximum capacity required in 
the circuit is 9 X 25 = 225 mmfd. 

Consequently, with a coil of 451 micro- 
henries inductance and 10 mmfd. distrib- 
uted capacity, and a variable condenser of 
215 mmfd. maximum capacity and 15 
mmfd. minimum capacity we can cover 
the desired frequency range, but only un- 
der certain conditions. 

The formula we have employed pre- 
sumes an ideal condition, and the pres- 
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A SECTION OF THE SPI 
FIGURE 8: 


RAL FOR A NARROW FREQUENCY BAND 
This section of the curve shows the plate shape for covering a 6:5 frequency ratio. 


A condenser of this type would place stations between 500 and 600 kilocycles a uniform 
distance apart on the tuning dial. 
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ence of other apparatus may bring about 
other than that ideal condition. For ex- 
ample, a primary coil coupled rather 
closely to our secondary would cause a 
considerable reduction in our frequency 
range and we should find it necessary to 
increase the inductance of the coil and 
the capacity of the condenser. 

However, we may consider that our 
coil is a loop excited directly by the 
broadcast wave and thus consider that 
the ideal condition exists without affect- 
ing the validity of whatever conclusion 
we may reach. 

If our condenser is calibrated into one 
hundred divisions, the relation of fre- 
quency to dial setting is as shown in Fig- 
ure 9 and it becomes a simple matter to 
calculate the capacity needed in the cir- 
cuit at every tenth division, say, to obtain 
this straight-line-frequency tuning char- 
acteristic, 

if we plot (C, + C,) against the fre- 
quency on logarithmic co-ordinates, as in 
Figure 10, we find that we get a perfectly 
straight line, that is, the change in circuit 
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curve A of Figure 11. 
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capacsty is a straight-line-frequency vari- 
ation. But when we plot C, against the 
frequency also, we find the curve is not 
a straight line, that is, the change in con- 
denser capacity is not a straight-line-fre- 
quency variation. What law of variation 
it actually follows is of no interest, but 
the variation is different for different 
frequency ratios. : l 

Now let us consider what happens when 
we attempt to use this condenser over 
another frequency range with a different 
frequency. ratio. Suppose we wish to 
cover one of the amateur ranges, 1,500 to 
2,000 kilocycles, say, a frequency ratio of 
4:3. A little calculation shows that we 


must use not less than 254 microhenries 


inductance and further calculation gives 
us values which, when plotted, give us 

We see that the straight-line-frequency 
tuning characteristic of the circuit is not 
impaired, but the frequency range we 
wished to cover is crowded into the upper 
thirty-eight divisions of the dial, as in- 
dicated by the solid portior +" the curve. 
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CONDENSER DAL 


THE STRAIGHT-LINE-FREQUENCY TUNING CURVE 


FiGureE 9: This chart shows the curve for a tuned circuit which has the correct capacity to 
spread the frequency bands uniformly over the one hundred divisions of the condenser dial. 


WHAT A STRAIGHT-LINE CONDENSER REALLY IS 
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THE CAPACITY-FREQUENCY CURVE 


FIGURE 10: 
quency when plotted on logarithmic paper. 


The total circuit capacity (C1 + C2) has a straight line variation with fre- 
But when the distributed capacity of the coil 


C1 is subtracted from the total circuit capacity we find that the desired tuning capacity C2 
does not have a straight line variation with the frequency. 


If we go to the other extreme and use 
the largest inductance that will permit 
us to tune to 1,500 kilocycles we get 
curve B of Figure 11. The straight-line- 
tuning characteristic of the circuit still is 
unimpaired but the dial is crowded worse 
than before and the frequency range we 
wish to cover is concentrated into only 
seventeen divisions. 
= By using any value of inductance be- 
tween the minimum and the maximum 
we can place the solid portion of the cali- 
bration curve on any sector of the dial 
we wish, and, depending upon the value 
of the inductance used, it will include 
some number of divisions between seven- 
teen and thirty-eight, which represent the 
maximum and minimum condition of 
crowding for this particular frequency 
range. 


Also, these curves bring out a fact 
which is true of any type of condenser 
but which is sometimes overlooked. That 
is, the frequency ratio cannot be greater 
than the square root of the circuit-ca- 
pacity ratio, assuming a constant value 
of inductance. In the cases we have been 
considering the circuit-capacity ratio was 
9:1 and the frequency ratio in each case 
was 3:1 as can be seen by referring to 
Figure 9 and Figure 11. 

Since no tuned circuit is complete with- 
out a coil, it seems that we are led logically 
to the following conclusion: 


A condenser intended to afford 
the circuit in which it is used a 
straight-line-frequency tuning char- 
acteristic, with the stations within 
the desired frequency range spread 
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over the whole of the dial, should 
be designed for a pre-determined 
frequency ratio, and for use with a 
coil of known inductance and known 
distributed capacity. 


So far we have considered this ques- 
tion only from the mathematically per- 
fect viewpoint. Now let us look at it 
from the commercial point of view, not 
forgetting that commercial considerations 
frequently are just as important, and 
sometimes more so, than mathematical 
perfection. 

As a manufacturing proposition the 
215 mmfd. condenser we have been con- 
sidering is well within commercial limita- 
tions, for 15 mmfd. is a reasonable mini- 
mum value. There is no reason why we 
cannot design dies with which we can 
punch out plates that will conform to 
curve C, of Figure 10 within very close 
limits. When used with the coil we 
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considered the tuning characteristic of 
the circuit would be a perfectly straight 
line so far as we could determine with 
any instruments ordinarily available. 

The next question is: Would this con- 
denser be satisfactory for use-with coils 
of more, or less, distributed capacity? 
Upon investigating this phase of the mat- 
ter for coils of 5 and 15 mmfd. distrib- 
uted capacity we get the curves of Figure 
12. 

It is plain to be seen that neither the 
5 mmfd. nor the 15 mmfd. curve is a 
straight line. However, the degree of 
curvature is comparatively slight, and, 
for all practical purposes, each may be 
considered to be straight. We may con- 
clude, therefore, that a fifty percent in- 
crease, or decrease, in the distributed ca- 
pacity of the coil does not impair the 
straight-line-tuning characteristic of the 
circuit to any material extent. 

We should not overlook the fact that 
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THE RESULT OF USING A 3:1 FREQUENCY RATIO CONDENSER ON A 
NARROW FREQUENCY BAND 


FIGURE 11: 


Curve A shows the result when the condenser is used on a 1,500 to 2,000 kilo- 


cycle band with minimum inductance to cover this range while curve B shows what rappen: 
when the condenser is used with maximum inductance to cover this band. The dot ines 
represent the unused parts of the dials. 


WHAT A STRAIGHT-LINE CONDENSER REALLY IS 


KILOCYOLES 


327 


CONDENSER CIAL 
THE RESULT OF VARYING THE DISTRIBUTED CAPACITY OF THE COIL 


FIGURE 12: 


The central curve is for a condenser designed to give straight-line-frequency 


tuning when used with a coil having a distributed capacity of 10 micro-microfarads. A 
coil having 5 micro-microfarads capacity will extend the frequency range, while one having 
15 micro-microfarads will limit it below the range desired. 


the frequency range changes with a 
change in coil capacity. In the case of 
the 5 mmfd. curve the minimum fre- 
quency is 505 and the maximum 1,675 
kilocycles. In the case of the 15 mmfd. 
curve the minimum is 495 and the maxi- 
mum only 1,370 kilocycles. Thus the 
reduction in coil capacity crowds seven- 
teen percent more stations on the dial, 
whereas the increase in the coil capacity 
reduces thhe number of stations by twelve 
percent. 

It is apparent that a condenser of this 
-size would be inadequate to cover the 
frequency range if the upper broadcasting 
limit should be raised to 2,000 kilocycles. 
In that event, the smallest condenser that 
could be used would have a maximum 
capacity of somewhere near 375 mmfd. 
Also, a different portion of the hyper- 
bolic curve would be used to determine 
the curvature of the plates. 

The next consideration of interest is 


in connection with the design of a 500 
mmfd. condenser where we encounter a 
problem that differs from any we have 
considered yet. 

Let us figure on covering the same 
frequency range as before, 500 to 1,500 
kilocycles. If the maximum condenser 
capacity is 500 mmfd. and the coil ca- 
pacity is 10 mmfd., the maximum circuit 
capacity is 510 mmfd. and the minimum 
circuit capacity required is one-ninth of 
this or 57 mmfd. Subtracting the coil 
capacity, the minimum capacity required 
in the condenser is 47 mmfd. Also, the 
required inductance is 200 microhenries. 

From these values we can calculate the 
required condenser capacity at each tenth 
dial division and obtain the solid capacity 
curve of Figure’ 13. We note that the 


minimum condenser capacity is very high, 


some three or four times the minimum 
usually found in condensers of this size. 
If we wish we can build condensers with 
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this high minimum which will afford the 
solid calibration curve of Figure 14. But 
if we consider it necessary to cater to the 
demand for a very low minimum capacity 
we can modify the curvature of the plates 
so as to give the capacity curve shown at 
A in Figure 13, or at B, as we prefer. 

If we decide to use curve A, then our 
calibration curve changes as shown at 
A in Figure 14, and we find we have ren- 
dered twenty percent of the dial useless. 
If we decide to be conservative and only 
modify the plates a little so as to cor- 
respond with capacity curve B (Figure 
13), the calibration curve becomes that 
at B in Figure 14 and only ten percent 
of the dial is unused. | 

The reason ‘for this change in the cali- 
bration curve, of course, lies in the fact 
that the capacity ratio no longer equals 
the square of the frequency ratio by 
which the curvature of the plates was de- 
termined. Whereas the outline of the 
plates was such as to correspond to a 
frequency ratio of 3:1, or a capacity ratio 
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of 9:1, the actual capacity ratio has be- 
come (500 + 10) / (15 + 10) or about 
20:1. The corresponding frequency 
ratio is approximately 4.5 ~ 1, which 
is the only frequency ratio for which a 
condenser with these maximum and mini- 
mum capacities can be designed to give 
the straight-line-tuning curve shown at 
D in Figure 14 if we wish to use the 
whole of the dial range. 

Should the upper limit of the broad- 
casting frequency range be raised to 2,000 
kilocycles, it is apparent that a 500 mmfd. 
condenser modified according to either 
curve A or curve B would cover the com- 
plete frequency range, but the calibration 
curve would be far from straight and 
the stations between 1,500 and 2,000 kilo- 
cycles would be badly crowded. It would 
be necessary to shape the plates accord- 
ing to that portion of the hyperbolic spiral 
(Figure 7) included between 2/3 and 
4x/3 to- give the straight-line-tuning 
curve shown at C in Figure 14. 

Incidentally, another bad effect of low- 
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THE CAPACITY CURVES FOR A 500 MICRO-MICROFARAD CONDENSER 
FIGURE 13: The solid line is a curve for a straight-line-frequency condenser having a 3:1 


frequency ratio. 


Note the relatively high minimum capacity. 


Curves A and B show 


methods of modifying the capacity curve to get a low minimum, but they only use 80 and 90 
percent of the dial respectively. 


WHAT A STRAIGHT-LINE CONDENSER REALLY IS 
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CONDENSER DIAL 
THE TUNING CURVES FOR THE CONDENSERS OF FIGURE 13 


FIGuRE 14: 


The curves A and B show that the capacity curves cover a much greater fre- 


quency ratio than 3:1 and that they are no longer straight-line-frequency curves when they 


are modified to obtain a low minimum capacity. 


Curve D is the only straight-line frequency 


variation between the maximum and the modified minimum. 


ering the minimum capacity in this man- 
ner 1s that the resistance of the condenser 
at the low capacity settings is increased 
an astonishing amount over what it would 
be with a high minimum capacity. 

In conclusion, then, it seems that the 
frequency ratio is the principal factor to 
be considered in determining the proper 
curvature of the plates, that the distrib- 
uted capacity of the coil may vary within 
reasonable limits without affecting the 
straight-line-tuning characteristic of the 
circuit to a serious extent, but that it 


may reduce the frequency range consider- 
ably, and that the inductance of the coil 
has no eect upon the straightness of 
tuning curve but determines to what ex- 
tent the stations desired are crowded into 
a small sector of the dial. Also, it would 
appear that the general practice of cater- 
ing to the demand for a very low mini- 
mum condenser capacity serves no use- 
ful purpose and is a detriment in that it 


‘distorts the tuning curve and increases 


the condenser resistance at low capacity 
settings. 


Kadel & Herbert 


WHERE THE WATCH IS KEPT 


Hour after hour during the long broadcasting programs this operator listens in for the 
call of distress that may come at any moment from the sea. 


“S. O. S.” 


What Happens When a Call for Help Is Picked 
Up During Broadcasting Hours 


HEN you hear a sudden “Signing 
off, account of an S.O.S.” come 
from your loudspeaker in the midst of a 
program and then find that every other 
broadcaster has suddenly become silent, 
what is really happening behind the 
scenes ’ 
In every broadcasting station there is 
a receiving set which is constantly tuned 
to 600 meters. At most stations an 
operator keeps constant watch for the 
“S.O.S.” call, which means that a ship is 
` in distress and that human lives are in 
danger. 
The moment the listener hears that 


call he signals to the control room of the 
station to stop broadcasting. The ether 
must be cleared at once; there must be 
no chance that the ship’s cry for help 
may be interfered with. 

In the control room, as the listener 
signals, a tiny light on the panel in front 
of the operator flashes its warning that 
an “S.O.S.” has been received. Ina 


` moment he throws over a switch on the 


panel which halts all transmission. 

In this way the program is immedi- 
ately cut off and there is complete silence 
until the ship’s message has gone through 
to those who can bring aid. 
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Kade! & Herbert 
-THE OPERATOR CUTS OFF THE PROGRAM 
When the tiny light at the right of the panel flashes a warning, the control room operator 
knows that an S.O.S.” call has been heard by the listener-in and he calls ‘‘signing off, 
account of an S.O. S.” and cuts off all transmissions until he knows that the distress call 
has been heard and answered. 


Kadel & Herbert 
WHEN THE “‘S. O. S.” CALL IS ANSWERED 


Rescue scenes such as this are the rewards of the silent listeners for the fateful call signal. In 

this instance the entire crew of the Italian freighter ‘Ignacio Florio” was saved y the crew of 

the “President Harding,” as a result of the vigilance of the little company of men who 
always sit at the radio receivers—listening. 
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THE COMPLETE THEORETICAL CIRCUIT DIAGRAM 


FiGuRE 1: The hook-up for the ‘‘Power-pack"’ amplifier and ‘‘B"’ current unit. All the 
symbols for the instruments bear designating letters which are used consistently in the list 
of parts, text and illustrations. 


HOW TO BUILD THE 


POWER-PACK AMPLIFIER 


This new unit gives to experimenters and radio fans for the first time a reliable 
power amplifier that uses a high voltage on a power tube and a plate-supply 
unit for any radio set that it may be used with. It will give reproduction of 
a large orchestra with the same quality and strength as that produced by the 
orchestra itself. It supplies the “A,” “B” and “C” voltages to the high power 
amplification in the last stage direct from the alternating current lighting lines. 


By ALBERT G. CRAIG 


Cost oF Parts: Not more than $94.00 


THE Parts USED IN THE LABORATORY UNIT— 


A—Amertran power transformer, type PF-52; 

B, Cand D—Amerchokes, type 854; 

E and G—Dubilier filter condensers, type 769, 
2 mfds., (working voltage 400 volts D.C.); 

F and L—Dubulier filter condensers, type 770, 
4 mfds., (working voltage 400 volts D.C.) 

H, I, J and K—Dublier filter condensers, type 
766, 2 mfds., (working voltage 160 volts 
D.C.); . 

M—Ward Leonard vitrohm resistor unit, size C 
or Aerovox Craig resistor, type 980— 

Both of these resistance units are tapped as follows: 
slep I—12000 ohms; step 2—3500 ohms; step 
3—1500 ohms; step 4—1500 ohms; step 5— 
750 ohms. 

N—Bradlevohm No. 25, 25.000 to 250,000 hms; 

O and P—Pacent single-circuit jacks, No. 61; 


Q—Amertran De Luxe audio-frequency trans- 
former for second'stage; . 

R and S—Benjamin push type sockets, No. 9040; 

T—bakelite sub-base, 7 inches by 21 inches by 
Yy-inch; > 

U—bakelite binding post strip, 7 inches by ! 
inch by %-inch; 

V—angle brass reinforcement strips for sub- 
base; (see Figure 6); 

W—angle brass for holding binding post strip; 
(see Figure 6); 

X—brass brackets for mounting resistor unit M, 
(see. Figure 6); 

_Note—These brackets are not required for the 

Aerovox Craig resistor; 

Y—brass strip for mounting filter condensers; 
(see Figure 6). 
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For the benefit of our readers in any locality, in the United States or 
abroad, who are unable to obtain parts that are necessary to make up these 
model receivers, the POPULAR RADIO SERVICE BUREAU will undertake 
to supply the desired parts and have them forwarded C. O. D. If any 
reader cannot obtain any necessary part from his local dealer, he may 
send in his order to the POPULAR RADIO SERVICE BUREAU, 627 West 
43rd Street, New York, which will have it filled for him and thus help 
him to obtain parts as promptly as possible. 


HE first demand of the listener in 

after the novelty of radio reception 
has worn off is for a better quality of re- 
production.: But this desire for good 
tone quality with reasonable volume has 
rarely beer. gratified, largely because of 
the ease with which the last audio-fre- 
quency amplifying tube is overloaded in 
most present-day receivers. 


To remedy this condition and to sup- 
ply either large or small volume with 
excellent quality this power amplifier 
has been designed. The ‘“‘power-pack” 
amplifier described in this article uses 
the UX-210, one of the new power tubes 
which have recently been placed on the 
market for the purpose of transmitting 
a much larger amount of energy to the 


A REAR VIEW OF THE DEVICE 


FIGURE 2: This illustration shows the general location of the transformer, tubes, chokes. 
condensers and resistances. 
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A FRONT VIEW OF THE UNIT 


FIGURE 3: a bank of condensers, the rectifier tube and the power ee with rts 
” and “off” switch that also gives three power ranges are shown here 


loudspeaker without distortion; and it 
operates directly from the 110-volt 
alternating current lighting mains. 

This power tube uses several hundred 
volts on the plate; and this makes the 
cost of “B” batteries prohibitive. Con- 
sequently a plate or “B” current supply 
has been incorporated in the power unit 
to furnish this high voltage. 

In addition, the plate current supply 
has been designed to furnish “B” current 
at several lower voltages for all of the 
other tubes in the receiver which is used 
with this unit. This entirely eliminates 
the “B” batteries. 

The apparatus available for the con- 
struction of “B” eliminators has im- 
proved very much in the last year. All 


of the parts which are used in this power 
supply, such as the transformer, the 
rectifying tube, the choke coils and the 
resistor will handle a direct current out- 
put of 60 milliamperes without overload; 
and the condensers will starid a direct 
current working voltage of 400. This is 
quite an advance over the use of 201-a 
tubes for rectifiers and of audio-fre- 
quency transformers for choke coils. 
The use of a stage of. power amplifica- 
tion on the dry-cell set is worthy of 
special mention. Ordinarily the dry-cell 
set will not handle great volumewith good 
quality because of the limitations of the 
last tube. Now, in practically every 
case, all of the tubes, except the last 
audio amplifier, are functioning nor- 
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THE WORKING DRAWING FOR CONSTRUCTION 


FIGURE 4: Akg diagram gives the correct dimensions and spacing for mounting all of the 
component parts of the power-pack amplifier. 
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A VIEW OF THE POWER-PACK UNIT FROM THE RIGHT 


FIGURE 5: The unit with the Ward Leonard resistor in place. Notice the input and output 
Jacks and the binding posts which supply the voltages for the set that the unit is used with. 


mally without overload. This means, 
- in short, that the dry-cell set will give 
as great volume and as fine quality as 
any other set if the ‘“‘power-ack’’ am- 
plifier is plugged in after the first audio- 
frequency stage of the receiver. 


The Theory of Operation 


A brief outline of the theory of operation of 

the power unit may be of interest to the pros- 

- pective builder. Refer to Figure 1 in tracing 
through the operation of the unit. 

First, note that the power transformer, A, 

has a secondary winding for lighting the filament 
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of the power tube, R, and another secondary 
winding for lighting the filament of the rectifier 
tube, S. Connections to these two filaments are 
made through center taps of the secondary wind- 
ings to nullify the effect of the alternating current 
which is used for filament lighting. For in- 
stance, if a connection was made directly to 
either side of the filament of the power tube, R, 
a decided hum in the loudspeaker would result. 

The third secondary winding of the power 
transformer furnishes 550 volts of alternating 
current, which is rectified by the rectifier tube, 
S, to give a pulsating direct current. 

Next, the filter system comprising the choke 
coils, B and C, and the condensers, E, F and G, 
smooths out the pulsating current so that at the 
end of the filter a steady direct current flows 
through the resistor, M, and also through the 
choke coil, D, to the plate of the power tube, R. 

The extreme lower end of the resistance, M, is 
negative; and the voltage along it increases to 
approximately 375 voltsatthetop. By connect- 
ing the grid return of the power tube, R, at the 
bottom of the resistance and by tapping off the 
filament of the power tube at the correct distance 
up on the resistance, as at binding post No. 1, 
the filament is made positive with respect to the 
grid or in other words a negative bias 1s obtained 
on the grid. Going further up along the resist- 
ance, M, to binding posts No. 2 and No. 3, 
two detector voltages of 18 and 40 volts are ob- 
tained. At binding post No. 4 an amplifier 
voltage of 80 is available; and this may be used 
to supply the “B” current to all of the remaining 
tubes of the receiver with which the power am- 
plifier is to be used. The by-pass condensers H, 
I, Jand K are connected across the taps of the re- 
sistance, M, to provide lower resistance paths 
for the audio-frequency currents. 

The resistance, N, is shunted across the 80-volt 
tap of the main resistance, M, to keep the load 
on this amplifier tap constant. With no amplifier 
load on tap No. 4 or with a small radio receiver, 
the resistance, N, can be made low so that it will 
draw a heavy current. When a large set is con- 
nected to tap No. 4 more current will be drawn; 
but the total load current on this tap may be 

-Made the same as before by increasing the value 
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of N and decreasing the current through `t. 
The direct plate current to the power tube, R, 
is supplied through the choke coil, D. This 
direct current is too large and the voltage is too 
high to apply directly to the loudspeaker, so 
the audio-frequency current (which produces the 
sound) is provided with a shunt path from the 
plate through the condenser, L, and the loud- 
e speaker jack, P, back to the filament of the 
power tube. 
The input to the power unit is made through 
the jack, O, and the audio-frequency trans- 
former, Q. 


Parts Used in Building the Power Unit 


In all of the diagrams in this article each part 
bears a designating letter so that the prospective 
builder of a set may easily determine how to 
mount the instruments in the correct places 
and to connect them properly in the electric 
circuit. 

The same designating letters are used in the 
text and in the list of parts at the beginning of 
the article. 


C The list of parts there given includes 


the exact instruments used in the set 
from which these specifications were 
made up. The experienced amateur, 
however, will be able to pick out other 
reliable makes of instruments which 
may be used with equally good results. 
But we recommend that the novice fol- 
low the list, as the diagrams in this 
article will tell him exactly where to 
bore the holes and exactly where to 
place the connections. ; 

{f instruments other than the ones listed are 
used, the only change that will be necessary will 
be the use of different spacings for the holes 
that are drilled in the sub-base for mounting the 
instruments. 


How to Construct the Power Unit 


Start the construction work by making the 
miscellaneous small parts shown in Figure 6. 
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DETAILS OF THE CONNECTION BLOCK, BRASS STRIPS AND BRACKETS 

FiGuRE 6: This drawing gives the necessary data for making the insulating strip on which 

the binding posts are mounted. It also gives the dimensions for the reinforcing angles and 

the small brass brackets which are used to fasten the condensers, the connection block and 
the resistance in place. 
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ANOTHER RIGHT-END VIEW OF THE UNIT 


Ficure 7: This picture shows the instrument with the Aerovox resistor installed. This 

resistor fits in the same place as the one shown in Figure 5 and the connections are brought 

out to taps with similar resistance steps. The binding posts, as before, supply the voltages 
for the receiving set that it is used with. 
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THE DIAGRAM OF THE RESISTOR 


FIGURE 8: The construction and taps of the special resistor which is shown in Figure 7 
with the resistance stages numbered in accordance with the data given in the list of parts 
at M may be clearly seen in this drawing. 


First, cut to size the bakelite binding post 
strip, U, and drill holes for two mounting screws, 
two jacks and four binding posts. 

Next, cut the two angle brass reinforcement 
strips, V, for the sub-base to length. 

Make the two brass angles, W, for holding the 
binding post strip, out of %%-inch by 34-inch 
strip ‘brass. 

Using the same strip brass material, make the 
two brackets, X, for mounting the resistor unit, 
M. If the Aerovox resistor is to be used it will 
not be necessary to make these brackets as 
mounting brackets are attached to the resistor. 

Finally bend to size the brass strip, Y, for 
mounting the filter condensers. 

When these small parts are completed begin 
the mounting of the apparatus by locating the 
brass angles, W, for the binding post strip, as 
shown in Figure 4. 

The same brass machine screws which hold 
these brackets may be used to fasten one end of 
the angle brass reinforcement strips, V, under- 
neath the sub-base. 
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It should be noted from Figures 2, 3 and 5. 
that these reinforcement strips are fastene! 
underneath the sub-base with the vertical side 
flush with the edge of the sub-base. The methoi 
of fastening these reinforcement strips was to 
drill a clearance hole through the sub-base for a 
flat head 6-32 brass machine screw and to tap 
the machine screw into the brass strip. Onc 
machine screw about an inch from the end c: 
the sub-base and two others spaced centra!l: 
should be sufficient. | 

Mount the two jacks, O and P, on the binding 
seek strip, U. Mount the four binding posi: 
rom left to right in the following order: B bat- 
tery minus (—), B detector plus (+), B detector 
plus (+) and B amplifier plus (+). Then faste: 
the binding post strip in place on its brackets. 
(See Figures 4, 5 and 7 for this assembly.) 

With two 4-36 brass machine screws fasten the 
Bradleyohm to the sub-base with the terminals 
to the rear of the power unit, as in Figure 4 
(The front of the power unit is the long sie 
on which the bank of condensers is mounted.; 


THE PICTURE WIRING DIAGRAM FOR CONNECTING UP THE 
INSTRUMENTS | 


FIGURE 9: All of the instruments have been drawn in their approximate 
heavy black lines show the exact way to run the wires for connecting up t 


sitions. The 
anstruments. 


(Full-scale blueprints for assembling and wiring this device may be obtained by sending 
in $1.00 to POPULAR RADIO SERVICE BUREAU.) 


THE POWER-PACK AMPLIFIER 


— Or ae f 


THE AUTHOR TESTS OUT THE UNIT 
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In this picture, Mr. Craig is shown with the unit installed in conjunction with the 
new S-C receiver. For installation in the home, the unit itself should be placed inside of the 
radio cabinet in the place generally occupied by the “B” batteries. 


Next fasten the two sockets, R and S, to the 
sub-base with round-head brass machine screws, 
placing the plate and grid terminals toward the 
rear of the unit. (See Figures 2, 3 and 4 for the 
exact locations.) 

Fix the audio-frequency transformer, Q, in 
position, as shown in Figures 2 and 4, with the 
plate and ‘‘B” plus (+) terminals toward the 
binding post strip. . 

Now mount the three choke coils, B, C and D, 
with their terminals toward the binding post 
strip, as shown in Figures 2 and 4. 

Use round-head 8-32 brass machine screws for 
the heavy power transformer A and locate it 
according to Figures 2, 3 and 4 with the switch 
at the rear of the power unit. 


Place the condensers E, F, G, H, I, J, K and. 


L in order, beginning near socket S, and secure 
them to the sub-base with the brass mounting 
strip, Y. 

Using brackets X, mount the Ward Leonard 
resistance unit, M, with the long untapped por- 
tion near the front of the set. (See Figures 4 
and 5.) 

_ If the Aerovox resistor, M, is used fasten it 
in place with the soldering lugs toward the 
binding post strip, as shown in Figure 7. 

This completes the mounting of apparatus for 

the power unit. 


How to Wire the Power Unit 


_In connecting up the unit, refer to the wiring 
diagram which is given in Figure 9. 


Connect the top terminal of the input jack, O, 
to the plate terminal of audio-frequency trans- 
former, Q, and the bottom or frame terminal of 
jack, O, to the B plus(+-) terminal of the trans- 
former. Then join the grid terminal of the trans- 
Sa Q, to the grid binding post of the socket, 


Connect the plate binding post of the socket, 
R, to the near side of the condenser, L, and to 
the front binding posts of the choke coil, D. 

Connect the two outside yellow filament leads 
of the transformer, A, to the filament binding 
posts of the socket, S. Join the central yellow 
filament lead at the transformer to the red high 
voltage lead below and to the right of it. Run 
the three black filament leads of the power trans- 
former, A, along underneath the choke coils, 
B, C and D; and connect the two outside black 
leads to the filament binding posts of the socket, 
R 


Connect the plate terminal of the socket, S, 
to the rear side of the condensers, E, F, G, H, 
I, J and K; and continue the same wire to the 
filament terminal of the audio-frequency trans- 
former, Q, and to the outside terminal of step 
5 of the resistor, M. 

Connect the central black filament lead of the 
power transformer, A, between step 4 and step 
5 of the resistor, M, to one side of the Bradley- 
ohm, N, to the B battery minus (—) binding 
post, No. 1, to the front terminal of condenser, 

, and to the bottom or frame terminal of the 
output jack, P. 

Join the top terminal of the output jack, P, 
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to the rear terminal of the filter condenser, L. 

Connect the “B” detector plus (+) binding 
post, No. 2, between steps 3 and 4 of the resistor, 
M, and also to the front terminal of the con- 
denser, J. Connect the “B” detector plus (+) 
binding post No. 3, between steps 2 and 3 of 
the resistor, M, and also to the front terminal 
of the condenser, I. Connect the “B” amplifier 
plus (+) binding post No. 4, between steps 1 
and 2 of the resistor, M, to the front terminal 
of the condenser H, and also to the remaining 
terminal of the Bradlevohm, N. 

Connect the red left-hand high voltage lead of 
the power transformer, A, and also the front 
lead of the condenser, E, to the rear binding post 
of the choke coil B. Join the two front leads of 
the choke coils, B and C, and connect them to 
the front terminal of the condenser, F. Join the 
two rear terminals of the choke coils, C and D, 
and the front terminal of the condenser, G; and 
continue this wire to the outside end of step 1 
of the resistor, M. For the distribution of the 
resistance steps of the Aerovox resistor, sec 
Figure 8. 

Complete the wiring by grounding the cores 
of the transformer, A, the choke coils, B, C and 
D, the audio-frequency transformer, Q, and the 
metal cases of the condensers, E, F, G, H, I, J, 
K and L, to the “B” battery minus (—) binding 
post, No. 1. The ground wires may be conven- 
iently run from one mounting screw to another 
beneath the sub-base. 


How to Install the Power Untt 


First find out the voltage of the AC lighting 
supply with which the unit is to be connected. 
This may be done by noting the voltage marked 
on two or three electric light bulbs. Set the 
switch of the power transformer, A, on tap No. 
1 for 120 volts, tap No. 2 for 115 volts or tap 
No. 3 for 110 volts. This switch should be set 
once for the correct voltage; and it should not be 
used for turning the power unit on and off.: 

Insert a UX-216-b rectifier tube in socket S, 
and a UX-210 tube in socket R. Then screw 
the Bradleyohm, N, down tight. 

To test the power unit insert the attachment 


plug in an electric light socket. 
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Both tubes 
should now light to approximately the same 
briliancy as those in an ordinary receiving set: 
and the resistor, M, should heat up noticeably in 
a few minutes. If all steps on the resistor show 
some heating effect (even though the amount 
of heat may vary) the power unit is probably 
working all right and supplying high voltage 
direct current. | 

Disconnect the power unit from the electric 
light socket. Plug the loud speaker in output 
jack P and, ustng a cord with a plug on each 
end, connect the input jack, O, to the first stage 
jack of the receiver with which the unit is to be 
used. 

Now reconnect the power unit to the electnc 
light circuit and it should give power amphlifica- 
tion of excellent quality. Try reversing the in- 
put leads to the jack, O, for the best results. 

With these connections the power unit is being 
used as a stage of power amplification only. To 
use it also as a “B” battery eliminator first dis- 
connect the unit from the electric light socket, 
then remove the “B” battery (—) lead of there- 
ceiver from the “B” batteries and connect it to 
the “B” battery (—) binding post, No. 1, of the 
power unit. Remove the “B” detector (+) lead 
of the receiver from the “B” batteries and con- 
nect it tothe ‘‘B” detector (+) binding post, No. 
2, of the power unit if you are using a soft de- 
tector tube or to the “B” detector plus (+) 
binding post, No. 3, if you are using a hard de- 
tector tube. Remove the “B” amplifier plus 
(+) leads of the receiver (either AF or RF or 
both) and connect them to the “B” amplifier plus 
(+) binding post, No. 4, of the power unit. The 
grid-bias which is used on the amplifier tubes 
should be 3 to 4% volts. ; 

Plug the power unit back in the electric light 
socket and it will function both as a stage of 
power amplification and as a “B” battery elim- 
inator. , 

The Bradleyohm, N, should be adjusted until 
the detector voltage is correct. In general it 
will have to be unscrewed further for multi- 
tube sets. i : 

Alwavs turn off the power unit when making 
adjustments. 


How to Build the New Power-pack 


N Poputar Rapio for May—next month—will appear an article 
that gives complete constructional details on the new Raytheon “Power- 
pack” that furnishes plate current for any type of radi» sel now in use 


for broadcast reception. 


This Power-pack will supply a plate voltage 


up to 170 volts for the last stage, and for resistance-coupled amplifiers; 
it will supply voltages varying between 60 volts and 125 volts for radio- 
frequency work or for low-power audio a'np!'fiers; and it will supply 
voltages ranging between 10 and 50 volts for use on the plate circuits of 


detectors. 


This new development is a great improvement over the old 


style of Raytheon Plate-supply Unit, in which only one variable volt ige 
can be obtained. Order your May issue from _ our newsdealer today. 


A Radio Patrol of the Seas 


Over 1,500,000 words were transmitted by radio last year from Uncle 

Sam's Coast Guard vessels that have been designated as tke ‘‘Inter- 

national Ice Patrol,” to warn shipping of the shifting locations of ice- 

bergs. These lonely scouts of the sea are equipped with the latest and 

most approved type of radio apparatus, as the usefulness of this 

unique service to mankind rests entirely upon communication that only 
radio can make possible. 
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Westinghouse 
A HUGE RADIO TUBE AND THE TINY CRYSTAL WHICH HOLDS THE 
| STATION ON ITS WAVEBAND 
Here ts one of the large water-cooled transmitting tubes; the small object to the right 
is a small quartz crystal which is used in a crystal oscillator to control the frequency 
of the generator current that keeps the station transmitting on its exact wavelength. 


The New “Crystal Pilot” 


for holding broadcasters to their wavelengths 


That peculiar whistle which bothers every radio fan when he tunes in on 

distant stations that operate on nearly the same wavelengths is caused by 

the distortion of radio waves that collide with each other—because one of 

the stations “slides off” the waveband assigned to it. This fault is now 

being checked with the aid of a tiny crystal oscillator—which thus becomes 
an object of vast importance to all broadcast listeners. 


By THOMAS L. BAYARD. 


HERE’S a good program on XYZ the dials of his receiving set. fh] usually 
tonight,” observes the visitor. get it right here,” he explains. 


“Can you pick up that station well from Whereupon the loudspeaker emits a 
here ?” too-familiar whistle. 
“Sure!” replies the confident host. “I The fan makes a further adjustment 


often tune in on XYZ.” And he turns of a dial. Music can be faintly heard— 
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but the whistle still remains. He turns 
another knob—“turning back the tickler,” 
he calls it—but the whistle continues at 
the same pitch at which it was first heard. 
The music is a queer medley of sounds; 
it appears to be a mixture of two selec- 
tions from different stations. | 

“They come in that way sometimes,” 
the radio fan mutters apologetically as 
he works at the dials. “I can’t under- 
stand it.” 

And in spite of all the fan can do, 
the whistle stays at the same unbroken 
pitch. 


The Whistle and Its Cause 


The fan “can’t understand it” because 
he believes his receiving set is at fault. 
But the whistle in this case is caused not 
by the receiving set; it is caused by inter- 
ference between the two stations. This 


interference in turn is caused by one of © 


Underwood & Underwood 
HOW QUARTZ CRYSTALS ARE STANDARDIZED 
The exact frequency at which quarts crystals of different sises will oscillate ts here 


being determined in the Bureau of Standards by means of a sonomceter. 
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the stations—or possibly by both—be- 
cause they are off their assigned wave- 
lengths. 

The American broadcasting stations 
now are assigned wavelengths or fre- 
quencies that are separated from each 
other by exactly 10 kilocycles. That is, 
there is a difference of 10,000 cycles a 
second between the frequencies of the 
different stations. These two stations, 
which. are being received at the same 
time by the fan, instead of being separated 
by the 10 kilocycles which is presumed 
to intervene between them, actually may 
be separated at the moment by only half 
or a third of that number. 

The oil condenser used by one of the 
stations, for instance, may have become 
hot. This condition often results in a 
wide shift in the frequency of the wave 
that is transmitted. If the oil used for 
filling the condensers of this type—a type 
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When the 


exact point of oscillation has been determined these crystals may serve as frequency 
standards for broadcasting stations. 
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AL 


A CRYSTAL OSCILLATOR IN OPERATION 
The operating panel of the crystal control circuit that keeps the whole transmitter of 


a broadcasting station functioning. at the proper frequency ts shown above. 


The 


quartz crystal is mounted on the panel just to the left of the hands of the chief 
oferator of the station, who ts adjusting the control. 


that is used on many of the American 
transmitting sets—is not of exactly the 
right quality, it 1s apt to become hot 
under operation and cause the frequency 
of the transmitted wave to rise as much 
as three or four kilocvcles. If the wave- 
meter used by the station is not accurate 
—many of them are not—and the oper- 
ating staff is not especially alert, it is 
possible for as great a shift as three or 
four kilocvcles to occur without being 
noticed by the staff. Other factors may 
cause the shift, a detail as seemingly triv- 
ial as a fluctuation in the plate voltage 
supplied to the transmitting set, or the 


swaying of the antenna in the wind. 

Whatever the cause, the frequency of 
station X YZ has shifted and is heterodyn- 
ing the wave of the station which is next 
to it in the broadcasting band. This 
heterodyning is causing, in the receiving 
set of the listener-in, a whistle. The pitch 
of the whistle is constant and is estab- 
lished by the difference in frequency be-. 
tween the two stations. 


How the Whistle Is Produced 


The radio amateur understands what 
this heterodyning is because it involves a 
principle used in one of the most widely 
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known and most selective radio receiving 
sets. 

For those who do not know what het- 
erodyning is an analogy may be drawn 
of a man and a boy walking together 
across a bridge. If the man takes six steps 
‘to cross the bridge while the boy requires 
nine, they will be out of step part of the 
' ‘time and in step part of the time. If 
another person is under the bridge listen- 
ing to their footsteps, he will hear a 
patter of light footfalls when the two 
pedestrians are out of step. But he will 
hear, when‘ the pedestrians tread on the 
bridge at the same instant, a single foot- 
fall approximately twice as loud as the 
others. 

This loud footfall will occur three 
times while the men are crossing the 
bridge, which, it should be noted, is the 
difference between the man’s six steps 
and the boy’s nine. If the man and boy 
are running instead of walking. these three 
loud footfalls will be heard by the person 
under the bridge as a sharp “rat-tat-tat” 
that is independently of the rest of the 
footfalls. 

This serves to illustrate how the beat 
note is caused when two transmitted radio 
waves are picked up ina receiver at the 
same time. When the waves are in step 
or “in phase,” their strength is combined 
and when they are “out of phase” they 
tend to neutralize each other. 

So when radio waves are in step and 
their strength is combined, the resulting 
signal is considerably stronger than when 
`- they are out of step and therefore neu- 
tralizing each other. 

_ This quick rise and fall in the strength 
of the radio signals as the. two waves 
alternately are in phase and out of phase 
may be several hundred times a second— 
so rapid that it sets up in the receiving 
set an audible tone or whistle that has its 
own pitch.. 

- The frequency or pitch of this tone is 
the difference between the frequencies of 
the two original waves. The pitch of this 
tone, it also should be noted, is constant, 
and it cannot be made to vary by any 
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manipulation of the receive1, as can an- 
other kind of whistle which will be noted 
later. 

It commonly kappas that when the 
listener-in hears this interfering beat note 
or heterodyne whistle, he may also hear 
the music or speech from two different 
stations jumbled together, with the sounds 
from one station perhaps louder than 
those from the other. Or if the two sta- 
tions cannot be heard at the same dial 
setting, the listener-in may find that while 
he hears only one station, he is troubled 
by the interfering beat note caused by 
the wavelength of a neighboring. station 
which is too close to the one he hears. 

The listener-in who is getting this in- 
terference whistle in his set can tell, if 
he cares to do so, whether the two inter- 
fering stations are as close together as 
four kilocycles. He can do this by com- 
paring the pitch of the whistle with the 
notes of. dpiano. If the stations are, four 
kilocycles apart (4,000 cycles a second ) 
it is about the frequency of the last key 
to the right C, in an 88-key piano. If the 
stations are three kilocycles apart,” the 
beat note frequency, 3,000 cycles, will be 
about that of the highest G of the piano. 
If the stations are as close as two kilo- 
cycles the pitch of the whistle will be 
about that of the C which is next below 
the highest C and which vibrates 2069 
times a second. If they are separated by 
only one kilocycle the pitch of the whistle 
will be approximately that of the next C 
below-the one just mentioned. 


The Hunt for a Remedy by Means 
of Crystals | 


Radio engineers and the United States 
Bureau of Standards have been working 
to eliminate this interference. The Bu- 
reau of Standards has been helping the . 
stations keep to their assigned wave- 
length by checking their wavelengths peri- 
odically, as it has been a difficult matter 
for the stations to measure accurately a 
wavelength that is radiated at perhaps as 
high a frequency as a million cycles a sec- 
ond. To assist the stations to gauge this 
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ANOTHER USE OF THE PIEZO-CRYSTAL AS A FREQUENCY 
STANDARD ‘ 
A set-up for a picso-crystal oscillator and an auxiliary generator design for the 
standardization of wavemeters which is in use at the Bureau of Standards in Wash- 
ington. Great accuracy may be obtained by the use of the crystal itself in a wavemeter. 


frequency, the Bureau also has devised 
a wavemeter to be used by the station. 
Constant vigilance on the part of the staff 
of a station that uses one of these wave- 
meters may reduce this frequency fluctua- 
tion very matérially, yet the station that 
stays within two or three kilocycles of its 
assigned frequency is doing very well. 

The engineers of the Westinghouse 
Electric & Manufacturing Company, in 
their search for ways of maintaining a 
constant frequency in the company’s 
broadcasting stations, investigated the pos- 
sibilities of an automatic control of this 
frequency. They had known that certain 
crystals, called piezo-crystals, had the 
property of vibrating when electrically ex- 
cited. So they investigated the possibility 
of using these crystals to control the 
frequency of a transmitting set. 

It was known that the vibrations of 
any given piece of piezo-crystal were re- 
markably constant and that the size and 


shape of the crystal governed the fre- 
quency of these vibrations. Several 
month’s experimental work on the K.DKA 
short-wave transmitting set established 
the fact that the vibrations of the crystal 
could be amplified and radiated by the 
powerful short-wave transmitting set, at 
its normal energy output, without a 
change in frequency: | 

The short wave set has been constantly 
operated under crystal control since July 
and shows none of the shifts in wave- 
length to which the American broadcast- 
ing stations as a rule are subject. Not 
only will the ordinary causes fail to pro- 
duce a change in the frequency of this 
set, but even deliberate efforts on the part 
of the operating staff will not cause it to 
change. The amount of energy radiated 
will drop if the transmitting circuit is 
thrown out of tune, but the frequency 
will remain constant. 

So satisfactory has the crystal control 
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proven under the exacting conditions on 
the KDKA short wave set that the com- 
pany is equipping all of its broadcasting 
stations, (KDKA, KYW, WBZ, and 
KFKX), with the crystal control.’ One 
of the specially designed transmitting cir- 
cuits has been built for the KDKA as- 
signed wavelength set, and it is now be- 
ing used during all of the regular broad- 
casting periods. A few other stations 
have also adopted the crystal control. 


How to Tell If a Station Employs the 
“Crystal Control” 


The listener-in who has a regenerative 
receiver of the coupled circuit type will 
be able, by means of a simple test, to tell 
whether any given station has adopted 
crystal control of its transmitting set. 

In this test a whistle is produced—a 
whistle that sounds something like the one 
caused. by interference between two sta- 
tions but which must not be confused with 
it. This new whistle is the one that is 
caused by an oscillating receiving set that 
is heterodyning a broadcasting station, and 
its pitch may be changed by turning the 
tuning dial. To produce it, the amplifica- 
tion dial or “tickler” must be turned on 
until the set begins to oscillate, and the 
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set tuned very closely to the station which 
is being tested. When this is done, the 
whistle will be produced. . 

If the listener-in is not certain whether 
he has the right whistle, let him turn his 
tuning dial slightly; if the pitch of the 
whistle changes as the dial is turned, he 
has the right one. 

Now let the listener-in take his hands 
away from his set and listen to this 
whistle. 

If the whistle is a steady, even, unvary- 
ing tone, it is safe to assume that the 
station is using crystal control. If, how- 
ever, there is a change or drift in the tone, 
it is safe to assume that no crystal is being 
used. 

This change or drift in tone, if one 
occurs, will be easy to recognize. The 
change may be so rapid and regular that 
the whistle will sound like the siren on a 
fire engine that is answering an alarm, or 
it may be slow, like a singer warbling ir- 
regularly up and down the musical scale, 
a tone at a time. 

The change in this tone is caused by a 
change in frequency of the broadcasting 
station, which is impossible when the sta- 
tion which is transmitting is controlled 
by means of a piezo-crystal. 


Changes in the List of 
Broadcasting Stations in the U.S. 


These correcttoris and additions to the list which was “published in the March, 1926, issue of POPULAR Rapio 


make ii correct as of Fébruary 20, 1926. 


STATIONS ADDED 
KFYO Texarkana, Tex. 209.7 
KWUC Le Mars, Ia. 252 
Ww Harrisburg, Pa. 204 
WATT Boston, N ass. 243.8 
Pensacola, Fla. 222.1 
WHBY West de Pero, Wis. 250 
WJBR ro, Wis 227.1 
WQAC Amarillo, Tex 234.2 
uU Chesham, N. H 229 
CHANGES IN CALL LETTERS 
KRCF Walla Walla, Wash., should be changed to KOWW 
KFDJ Corvallis, Ore., should be changed to KOAC 
KFMQ Fayetteville, Ark., should be changed to KUOA 
KFXC Santa Maria, Cal., should be changed to KSMR 
WDBR Boston Mass., should be changed to WSSH 
WEBK Grand Rapids, Mich., should be changed to WOOD 
WEPI Newark, d be changed to WBPI 
WJBP Buffalo, N. Y. should be changed to WSVS 
WJB Lewisburg, Pa., should be changed to WJBU 


Further changca will be published each month in this magazine. 


STATIONS DELETED 


KFGH ” Btanford Ur‘versity, Cal. 270 
KFOJ Moberly, Mo. 242 
WDCH Hanover, N. H. 256 
WGBK Johnstown, Pa. : 248 
WIBC St. Petersburg, Fla. 222 
WJBN Sycamore, Ill. 256 
WRAK Escanaba, Mich. 256 
WTAC Johnstown, Pa. y 4 268 


CHANGES IN WAVELENGTHS 


KFAU Boise, Ida., 282.8, should be changed to 280.2 
KFBC Diego, "Cal. 224, should be changed to 215.7 

GTT San Francisco, Cal. 234, should be changed to 206.8 
KOAC Corvallis, Ore., 282.8, should be changed to 280.2 

- CHANGES IN LOCATIONS 

KMOX St. Louis. Mo., should be changed to Kirkwood, Mo. 
WHBL Logansport, Ill, should be changed to Chicago, Ill. 
wioD Miami 


West Palm Beach, Fla., should be changed to 
Beach, Fla. 
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HOW TO BUILD AND OPERATE 


A Low-power Transmitter 


For the radio experimenter who has reached the stage when he feels the urge 

to step from the listener class into the exclusive transmitter class, this low- 

ower transmitter is recommended—not only because it is easy to build and 

pai the parts may be obtained for only about $25.00, but also because the 
set has a daylight range of about 500 miles. 


By GORDON FRASER. 


List or’ PARTS USED IN THE LABGRATORY SET 


*Al—General Radio Model 127C hot wire 
ammeter, range 0 to 1 ampere; 

*\2—General Radio Model 127A hot wire 
ammeter, range 0 to 1.5 amperes: 

C1—Sangamo fixed condenser, .0015 mfd. 
capacity ; 

C2 and C3—Sangamo fixed condensers, .003 
mfd. capacity ; 

C4 and C5—Sangamo fixed condensers, .002 
mfd. capacity : 

L1—20 turn coil (see text for constructional 
details) ; 


L2—15 turn coil (see text for constructional 
details) ; 

L3—Choke coil (see text for constructional 
details) ; 

*\] \—Weston Model 301 DC milliammeter, 
range 0 to 100 milliamperes: 

Rl—Bradleyohm No. 25 variable resistance, 
range 25,000 to 250,000 ohms; 

Si—Barkelew antenna switch, single pole. 
double throw; 

VCi—Cardwell variable receiving condenser, 
o a capacity between .00025 and 00903 
mfd. 
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THE SCHEMATIC DIAGRAM OF THE TRANSMITTER 


FicurE 1: This drawing shows the complete hook-up of the low-power transmitter, together 
with the power supply equipment which was described in the January issue of POPULAR 
Rapio. The circuit employed here is the coupled Hartley with shunt feed. 
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VC2—Cardwell variable receiving condenser, 
00025 mfd. capacity ; 
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ALUMINUM LEAD 


VT—Pacent Universal Isolantite socket. 


*These meters may be all the same make. In the 
model of this transmitter the author used the meters 
that happened to be at hand at the time. The impor- 
tant considerations in selecting the meters to use are 
that they have the proper range, as even above, and 
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that :hey be of the type mentione 


i.e., hot wire 


meters in the case of Al and A2, and DC meter in 


the case of MA. 


The list of parts here given includes the exact instruments used in the unit from which 
these specifications were made up. The experienced amateur, however, will be able 
to pick out other reliable makes of instruments which may be used with equally good 
results. But we recommend that the novice follow the list, as the exact arrangement 
of instruments as shown in the illustrations may then be used. If any substitutions 


are made it ıs well to remember that high voltages are being dealt with and that the 
substitute instruments which are used must be selected accordingly. 


ITH the popularization of short-wave re- 

ception many radio fans. whose knowl- 
edge of the subject has previously been confined 
to broadcast reception, are beginning to evince 
a decided interest in amateur short-wave trans- 
- mission. This is natural enough since it is a 
short step from experimental reception to the 
field of transmission. 

There is no better way to obtain a thorough 
practical kr.owledge of radio than by “going on 
the air” with a low power transmitter. High 
power broadcasting has to some extent elimi- 
nated the necessity for high efficiency in broad- 
Cast receivers and caused, perhaps, a certain 
amount of carelessness in construction; but in 
the case of a transmitter using low power the 
utmost efficiency is absolutely necessary. And it 


is this necessity that forces upon the experi- 
menter a better understanding of the funda- 
mental principles of radio and what constitutes 
real efficiency. 

The transmitter that is here described is truly 
a low power transmitter inasmuch as the total 
power input to the transmitter is considerably 
lower than that which is put into a single elec- 
tric light bulb. Using a UX-210 power tube, 
which has a rated output of 7% watts, the 
power input is between 20 and 25 watts. 

To the non-transmitting amateur it may seem 
almost unbelievable that a transmitter using 
such low power can actually provide a re- 
liable means of communication with other 
amateurs half way across the country. As a 
matter of fact, such transmitters have been 


350 


heard thousands of miles away, and it is not 
uncommon for an American amateur, “using 
power as low as this to be heard in European 
countries, although these feats are usually the 
result of exceptionally favorable conditions. 

The small transmitter described here has a 
reliable night-time range of somewhat in excess 
of a thousand miles. Greater distances have 
been covered, but not consistently. 

This transmitter was designed for use on the 
short-wave amateur bands around 40 and 80 
meters, because these are considered to be the 
most practical working bands for amateurs. 
Daylight transmission on 40 meters compares 
favorably with night transmission on the higher 
wavelengths. It has a consistent daylight range 
of over 500 miles on a 40 meter wavelength. 
Two-way communication between this trans- 
mitter in New York City and amateurs in Chi- 
cago has proven to be quite consistent during 
the forenoon. 

It will be noted from Figure 1 that the cir- 
cuit and construction of this transmitter are 
much like that of an ordinary regenerative 
short-wave receiver. More than this, a number 
of the instruments used, such as the variable 
and fixed condensers, are the same as those 
which are used in receivers. 

The coils, in which lies the main difference be- 
tween this transmitter and a receiver, are home- 
made. The constructional details are shown in 
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Figure 4. The foundation: for the two neces- 
sary coils consists of radion tubing 4 inches 
in diameter and 1% of an inch thick. On this 
tubing 8 strips of radion of the same length 
and 3/16 of an inch square are laid lengthwise, 
eo around the circumference of the 
tu 

It is well to fasten these strips to the tube to 
hold them in place during the winding process. 
This may be done by drilling small holes 
through the ends of the strips and tubing and 
twisting pieces of wire through these holes. The 
coils, which consist of 25 gauge copper ribbon 
14 of an inch wide by 1/64 of an inch in thick- 
ness, are wound on top of these square strips. 

Thus each turn 1s supported at 8 points but 
between points is in contact only with the air. 
To prevent turns from slipping indentations 
may be made, as illustrated, through the copper 
ribbon and into the rubber strips with a center 
punch, After completion of the windings the 
superfluous ends of the. rubber strips may be 
cut off, 

The closed circuit coil L2, which is shown in 
Figure 4, consists of 15 turns spaced 1/16 oi 
an inch apart. L1 has 20 turns. Used in con- 


junction with the variable condenser VC2, coil 
1.2 will easily cover the 80 meter amateur band, 
and of course may be tuned down by means oi 
is i and the condenser to the 40 meter 
an 
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A FRONT VIEW OF THE TRANSMITTER 


FIGURE 2: 


This illustration gives a good idea of the layout and spacing of the instruments. 


The designating symbols shown correspond exactly with those in the other figures and in the 


list of parts given above. 


The cowl L2 is fastened to the baseboard by means JA screws run 


through from the bottom of the baseboard into the cotl mounting bloc 


+ ——— ines 


HOW TO BUILD A LOW-POWER TRANSMITTER 


351 


AN END VIEW THAT 
SHOWS THE COIL MOUNTING 


The method used to moynt the outer end of coil L1 is tllustrated here. By 
means of the slide on which it is placed coil L1 may be moved towards or away from L2 to 


FIGURE 3: 


provide the necessary degree of coupling. 


It is the antenna inductance that presents the 
main problem inasmuch as its size will depend 
a good deal upon the antenna with which it 
is used. However, 20 turns should be ample. 

After the coils are wound, a lug is soldered 
on each turn so that contacts may be made by 
neans of flexible leads and clips. See Figure 4 
for details. The mounting blocks are then also 
attached. . 

The only other item of the equipment to be 
constructed by the builder is the choke coil, 
L3, which consists of 146 turns of No. 28 wire 
wound in a single layer on composition tubing 
2 inches in outside diameter. It is important 
that this coil should not be larger than specified 
because the choke ‘coil should have a natural 
Period somewhat lower than 40 meters if the 
transmitter is to be worked on that wavelength. 

therwise its effectiveness will be decreased. 

The blocking condensers C4 and C5 really 
Serve as a single condenser. The voltage to 
which they are subjected is somewhat in excess 
of the rating of the small type of receiving 
condenser, and for that reason two of these 
condensers were used in Series in constructing 
this transmitter. If desired, a single transmit- 
ting condenser of .0015 may be used in place of 
the two specified. For the grid condenser, C1, 
and the filament by-pass condensers, C2 and C3, 
the ordinary receiving condensers are entirely 
Satisfactory. 

Space does not permit a detailed description 
of the layout of the baseboard and instruments. 

Owever, the illustrations give sufficient in- 


Complete detatls are shown in Figure 5. 


formation to permit the builder to follow this 
without trouble. 

he hot wire ammeter, A2, is used to indicate 
the current flow in the filament circuit of the 
tube. A meter with a range of 1.5 amperes is 
suitable because the UX-210 or VT2 type of 
tube filament current requirements are within 
this range. In addition to this meter two others 
are used as indicated at Al and MA in Figure 1. 
The former is used to measure the current flow 
in the antenna circuit so that it indicates when 
the antenna circuit is tuned to resonance with the 
closed circuit. 

The reading of this meter, however, gives 
no final indication of the operating efficiency of 
a transmitter. In general, the best antenna cur- 
rent reading that can be obtained at a given 
wavelength indicates the greatest efficiency. And 
differing antenna current readings at different 
wavelengths do not necessarily indicate that the 
operating efficiency of the transmitter has risen 
or fallen. The fact is that a change in the 
characteristics of the antenna circuit is reflected 
in a change in the antenna ammeter reading 
just as readily as a change in the efficiency of 
the transmitter. 

The meter MA measures the current flow 
in the plate circuit of the tube. This meter is 
not essential but its use is advised since it helps 
to indicate the efficiency of the transmitter on 
a given wavelength. This efficiency increases 
as the plate current, needed to maintain the an- 
tenna current reading at the highest obtain- 
able. decreases. 
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The meters Al and MA may be permanently 
mounted in the transmitter if desired. How- 
ever, most amateurs do not have many spare 
meters and it is a good plan to arrange things 
so that the meters can be quickly removed for 
other temporary use if desired. Thus these 
two meters are not mounted in the model de- 
scribed here. 


The Antenna 


The transmitting antenna should, of course, 
be as efficient as possible.. It should be kept 
clear of trees and buildings in so far as this is 
possible. If iron pipe masts are used to sup- 
port the antenna, the antenna wire should be not 
closer than 10 feet tó the masts or guy wires. 
It is advisable to insert insulators in the guy 
wires about every 15 feet. Otherwise it is pos- 
sible that these wires might have a natural 
wavelength near that of the transmitter, in 
which case the guys would absorb some of the 
transmitted energy. Excellent insulation for 
the antenna is quite essential. 

Pyrex insulators serve very well for this pur- 
pose, but at least two should be used in series 
at each end of the antenna and at any other 
points where insulation is needed. Glass towel 
bars about 18 inches long and having a glass 


knob on each end are inexpensive and make . 


first-class insulators for this purpose. 

The antenna should be as high as possible, 
and should be higher at the end farthest from 
the transmitter. A single wire is all that is 
needed, and this may well be single strand 
enamel insulated wire of No. 12 size. The lead- 


in is taken off at the end nearest the trans- - 


mitter. 
The counterpoise if one is used should be just 
as carefully constructed as the antenna. It is 
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usually placed directly under the antenna, but 
if this is inconvenient may placed almost 
anywhere. In any event, it should be kept as 
far below the antenna as possible. It is best 


. to construct it with two or more wires which 


either radiate in the form of a fan from the 
transmitter or are spaced at least four feet 
apart on spreaders. In a pinch a single wire 
may be used for the counterpoise. In any case 
the counterpoise should be at least as long as 
the antenna, or longer if it can be conveniently 
arranged. 

The antenna, counterpoise and lead-in wires 
should all be stretched taut. This is impera- 
tive, for if it is not done the transmitted sig- 
nals will swing badly during windy weather— 
so badly as to make it impossible for anyone 
to read them. 

The usual practice at the experimental sta- 
tion, where this transmitter was in use, is to 
tune the closed circuit of the transmitter to 
40 meters and to tune the antenna circuit to 
120 meters. Thus in transmitting on 40 meters 
use is made of the third harmonic of the an- 
tenna circuit. 

The results obtained, using this method, seem 
to be somewhat superior to those obtained with 
a smaller antenna tuned to 40 meters. In this 
same way it is possible to use the fifth harmonic 
of the antenna. In that case of course the an- 
tenna will be tuned to 200 meters. 

The use of the even harmonic of an antenna 
has not, however, been found practical. In 
other words, it is not advisable to tune an an- 
tenna to 80 or 160 meters if transmission is to 
be carried on at 40 meters. 

If the antenna system is sufficiently small to 
have a natural wavelength in the neighborhood 
of 40 meters it would be necessary to use a 
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HOW THE COILS ARE WOUND 


FIGURE 4: 


to prevent it from sliding along the strips. 
them through slots in the tube. 


Coil L2 with its winding and mounting blocks is shown in this illustration, 
which gives the constructional details of the coils. 
The ends of the windings are secured by bending 
These slots may be conveniently 


Note that each turn of ribbon is punched 
made by drilling several 


small holes as close together as possible and then cutting out the material between by means 
of a knife or small rat-tatl file. 
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THE CONSTRUCTIONAL DETAILS OF COIL L1 


FIGURE 5: The outer end of the coil L1 rests on a slotted strip of hard rubber. When the 
thumb nut is loosened it permits the coil to slide freely along the entire length of the slot. 
This provides a wide range of coupling between the two coils. The slot is cut by drilling 
four 3-16-inch holes as close together as possible 1 inch from the end of the strip. The 


material between the holes should then be cut out. A hack saw blade may then be inserted — 
ate . to finish the slot, ` ee hte 


large loading coil in the antenna circuit if 
It were desired at times to transmit on 


meters. Inasmuch as such a large loading coil - 


is not considered practical the better plan is to 
put up an antenna with a natural wavelength 
somewhere in the neighborhood of 80 meters. 
It this is done 80 meter transmission can be 
carried on using the antenna series condenser 
VCI and only a few turns of the antenna in- 
ductance L1. 

To transmit on 40 meters with such an an- 
tenna, the antenna series condenser is cut out 
of the circuit and one of the clips moved along 

l to provide the necessary inductance to bring 
the antenna circuit up to 120 meters. Further 
information on this is given later. 

The two inductance coils described here were 
found to be a good practical size for use in 
conjunction with an antenna system consisting 
of a single wire antenna 65 feet long and 30 feet 
high, and a single wire counterpoise of the 
Same length placed directly under the antenna 
and 20 feet below it. 


Connecting up the Transmitter 


The power supply equipment, key, antenna 


and counterpoise are connected to the trans- 
mitter as shown in Figure 1. If the meters MA 
and Al are not mounted in the transmitter 
they should be connected in the leads from the 
Positive high voltage supply and the antenna, 
respectively. 

A complete description with constructional 
data for the power supply equipment was pub- 
ished in the “In the Experimenter’s Labora- 
tory” department of the January, 1926, issue of 
OPULAR RADIO. - 

The rectifier and filter for the high voltage 
Plate supply are not absolutely essential, but 


“ 


their use is strongly advised for the reasons ` 
explained in the January issue. 

It will be noted that in Figure 1 the antenna 
-is connected to L1 through the~“antenna am- . 
meter Al, the antenna switch S1 and.the vari- 
able condenser VC1. It is important that S1 be 
connected between the antenna and the meter 
and that the meter be between S1 and the con- 
denser. In other words these instruments 
should appear in the circuit in the order shown 
in Figure 1. 

All of the leads to the coils should be of 
flexible wire with clips at one end to facilitate 
connection to the coil taps. All other connect- 
ing wires in the transmitter should be plain 
copper wire or bus wire, anywhere from No. 
18 to No. 12 in size. No. 12 bare, single strand 
copper wire was used in wiring up the model 
transmitter for the sake of greater rigidity. 
The connecting wires of the power supply 
equipment, and the wires from this equipment 


to` the set should all be insulated wire such as 
‘ is used for house wiring. 


Operation of the Transmitter 


Unless one has had previous experience with 
transmitters, it is suggested that a more ad- 
vanced enthusiast be called in to help get the 
set started. This will save much time and ex- 
perimentation. If one is not acquainted with an 
amateur who owns a transmitter he can prob- 
ably get-in touch with one through the nearest 
radio club. If even this is out of the question 
the builder will have to go his own way. This 
is not particularly difficult and in the end will 
be good experience. 

A wavemeter consisting of a variable con- 
denser, a coil and a small flashlight lamp will 
be extremely useful not only in putting the 
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A SIMPLE RESONANCE INDICATOR 
OR WAVEMETER 


FIGURE 6: This device works on the energy 
absorption principle. If it 1s tuned to resonance 
with a nearby oscillating circuit it will absorb 
energy from the oscillator. Thus if headphones 
are attached to a receiver which is tuned to a given 
wavelength, and the wavemeter ts brought close by 
and tuned to the same wavelength, it will absorb 
enough energy to stop the oscillation in the receiver. 
This will be indicated by a click which may be 
heard in the phones. A wavemeter may be cali- 
brated by means of this method from a calibrated 
receiver. 


transmitter into operation, but later. The hook- 
up of a suitable wavemeter is shown in ligure 


The leads from the grid, plate and filament 
center tap to the closed circuit coil should all be 
flexible and equipped with clips to slip on the 
lugs on the coil winding. Connect the grid 
lead to the first tap (nearest the antenna coil) 
of the coil L2. The plate lead is connected to 
the tenth turn and the filament lead to about 
the fourth turn. For the time being the two 
leads to the antenna coil should be left uncon- 
nected. . 

The power switch may be turned on. If 
everything is properly connected the tube fila- 
ment will light up when the rheostat R2 is 
turned on (if one is used). 

The rheostat should next be adjusted to pro- 
vide the proper filament current specitied by the 
manufacturer's instructions which accompanied 
the tube. This current flow will be indicated 
by the meter A2. When the kev is pressed, the 
high voltage plate current will flow and will 
be registered on the meter MA. 

However, the transmitter may not be oscil- 
lating. This may be checked by means of the 
wavemeter. With the transmitter key depressed 
the wavemeter coil is placed about five inches 
or perhaps less from the coil I.2 and the wave- 
meter dial is rotated slowly. When the wave- 
meter is tuned to resonance with the closed cir- 
cult of the transmitter the flashlight bulb will 
light up, because of the energy absorbed by the 
wavemeter coil when in resonance with the os- 
cillating circuit. 


- the needle of meter Al. 


POPULAR RADIO 


If the transmitter is not oscillating, the fiash- 
light bulb will not light up. In that case the 
filament lead to the coil L2 should be moved 
around one turn at a time until oscillation is 
secured. The wavelength to which the closed 
circuit of the transmitter is tuned can be deter- 
mined by the setting of the wavemeter dial when 
the two are tuned to resonance. 

By means of the variable condenser VC2 
vary the wavelength of the closed circuit until 
it is somewhere in either the 40 or 80 meter 
bands. In making this change it may be neces- 
sary to move the flament clip again. When 
this circuit is tuned to a suitable wavelength 
connect the antenna coil into its proper place 
with, say, 10 turns in the antenna circuit. 

Then vary VCI until there is a detlection ot 
If no deflection occurs 
place the clips to the antenna coil closer to- 
gether, leaving fewer turns in the antenna cir- 
cuit. Again rotate VC1 until a deflection of 
the meter is obtained. During all this time the 
two coils should be placed fairly close together 
—perhaps an inch apart. 

Now with the two circuits tuned to resonance 
and current flowing in the antenna as indicated 
by the antenna ammeter try readjusting the 
Various parts of the circuit in an effort to obtain 
a higher antenna current reading. Try using 
more turns of 1.2 and a lower setting of VC2, 
moving the filament lead as needed. Also try 
more or fewer turns of L1, readjusting VCI to 
keep this circuit in resonance with the closed 
circuit. 

The amount of coupling between L1 am 
L2, regulated by sliding L1 toward or away 
from L2, is an important factor as well. It 
these coils are too close together it is probable 
that oscillation will be unstable. 

As resonance between the two circuits is 
approached the antenna ammeter needle will 
climb and then may suddenly drop to zero. 
This indicates that oscillation has stopped. Or 
the needle may climb to a certain maximum 
point while the key is held down but when the 
key is released and again pressed the meter 
reading will be lower. In either of these 
cases, coupling between the two coils should be 
decreased by moving them farther apart. The 
antenna reading may then be lower but oscilla- 
tion will at least be steady, and stability of os- 
cillation is absolutely essential if your signals 
are to be heard and understood. When proper 
coupling has been obtained’ the thumb nut on 
the mounting of L1 is tightened to hold this 
coil firmly in place. - 

So far, so good, but it is not known deñ- 
nitely whether the closed circuit is tuned to 
resonance with the antenna circuit or with one 
of the harmonics of the latter. If tuned to 
the second harmonic of the antenna, for in- 
stance, ethciency would be low. It is important, 
therefore, that the operator familiarize himseli 
with the approximate adjustment of each cir- 
cult for a given wavelength. This can be done 
by tuning the closed circuit to somewhere 
around 100 meters. This wavelength is sufh- 
ciently high so that when the antenna is tuned 
to resonance you will know that it must be 
the fundamental of the antenna circuit that 1s 
in resonance, not one of its harmonics. 
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If the antenna circuit cannot be brought to 
resonance, set the antenna circuit adjustments 
for maximum wavelength (using all turns of 
coil L1). Then vary the wavelength of the 
closed circuit until it is in resonance with the 
antenna. 

When the two circuits are in resonance tune 
the closed circuit down to one half of this 
wavelength. There may or may not be a de- 
flection of the antenna ammeter at this setting. 
Readjust both circuits slightly if there is no 
antenna current reading. In most cases a slight 
deflection of the antenna ammeter needle can 
be obtained at this second harmonic of the an- 
tenna. 

Then go on down to one third of the wave- 
length with the closed circuit, leaving the an- 
tenna circuit tuned to 100 meters as before. 
At this setting a fairly substantial current flow 
should be indicated by the antenna ammeter. 
Now, if the transmitter is to be operated on 
40 meters, using the third harmonic of the an- 
tenna system, tune both circuits up gradually 
keeping them in resonance as you go along. 
When the closed circuit wavelength reaches 40 
meters then the antenna circuit will, of course, 
be tuned to 120 meters. 

If the antenna is too small to be tuned as 
high as 120 meters it may perhaps be tuned as 
low as 40 meters. In that case the use of har- 
monics for 40 meter transmission will be un- 
necessary. However, it may not be possible to 
tune such an antenna up as high as 80 meters 
without considerable loading inductance in the 
antenna circuit. 

It will be seen that there a little experi- 
mentation may be required before the right 
length for the antenna is found. It would be 
a good plan to try out a small antenna of 
about 30 feet in length which can be tuned 
down to 40 meters or up ta 80 meters, and 
then to try a longer antenna such as the one 
mentioned earlier in this article, which can be 
tuned to 80 meters and up to 120 meters so that 


its third harmonic may be used for 40 meter 
transmission. Then for the permanent installa- 
tion the antenna which proves to be best for 
the wavelengths on which it is desired to work 
may be used. > 

After the aiten and counterpoise are 
erected and the transmitter is in operation, it 
is well to try a water pipe or other form of 
ground in place of the counterpoise. In some 
cases the use of antenna and ground will give 
superior results, while in others the antenna 
and counterpoise will prove better. It is even 
found best in some installations to use both the 
counterpoise and ground, connecting them to- 
gether at the transmitter. 

Before a station is put into operation it is 
imperative that the government rules and regu- 
lations on amateur transmission be learned. 
For instance, the use of radiotelephony on 
wavelengths lower than 150 meters is prohibited 
at all times. So is the use of any modulated 
form of transmission, as when buzzer modula- 
tion is used. If raw AC is used for the plate 
supply or if half-wave rectification is used 
transmission is not permitted between the hours 
of 8 P.M and 10.30 P.M. daily, or during the 
broadcasting of regular church services on Sun- 
day. Where the power supply is put through 
a full-wave rectifier, such as the one described 
in the January issue, transmission is permitted 
at any time desired providing no interference 
is suffered by neighboring broadcast fans. If 
your transmitter does cause interference, the 
quiet hours mentioned above must be observed 
regardless of the type of rectification used. 

Above all, it ds necessary that an amateur 
station license be obtained from the Depart- 
ment of Commerce before any amateur trans- 
mitter can be put into operation. And an ama- 
teur operator’s license is also required. Full 
information regarding: these licenses and how 
to obtain them may be had by writing to the 
radio inspector of your district, or to the De- 
partment of Commerce, Washington, D. C. 
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ONE OF THE WORLD'S LOVELIEST BROADCASTING STATIONS 


No wonder this tiny strip of land off Miami, Florida, is called “The Wonderful 
Isle of Dreams.” On itt is located station WIOD. 


-~ 


From a photograph made for POPULAR RADIO 


EXPERIMENTING WITH A “C” BATTERY IN THE LC-26 RECEIVER 
FiGuRE 1: The effect of a “C” battery connected in the grid circuit of the last stage of the 


LC-26 receiver was carefully studied. An improvement in tone 


uy and greater econ- 


omy in ‘‘B” battery consumption were obtained, as explained in this article. 


Helpful Hints for Operating 
the LC-26 Receiver 


This additional information on the proper operation of the LC-26 
receiver, together with some new data on methods of reducing plate 
current and improving tone quality on exceptionally loud signals, 
is of special interest to those radio fans who have installed this 


type of receiver in their homes. 


By S. GORDON TAYLOR 


T was the intention of the author to 

call this article “Trouble Shooting 

in the LC-26 Receiver,” but so few 

troubles seem to have been encountered 

by readers in constructing and operating 

the receiver that there seems to be little 
to “shoot.” 

A number of cases in which readers 
have reported trouble with their LC-26 
receivers have been investigated person- 
ally by the author; and in every case but 
one the trouble was found to be outside 


of the receiver itself, or else in the 
method of operating the set. The one 
exception was a case where the owner 
had taken one of the instruments apart 
to see what it looked like inside and had 
reassembled it incorrectly. 

In several of the cases which were 
investigated defective batteries caused 
the trouble; in one the loudspeaker was 
at fault; in another a defective tube 
prevented reception of distant stations 
with satisfactory loudspeaker volume 
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HELPFUL HINTS FOR OPERATING THE LC-26 


Two pointers were picked up, how- 
ever, which may be of interest to owners 
of this receiver. 

The first is that it is not absolutely 
essential that the detector “B” battery 
voltage be limited to 161% or 18 volts. 
Some of the so called “‘soft’’ detector 
tubes, such as the UV-200, UX-200 and 
C-300 require 1914, 21 or even 22% 
volts for proper operation in this re- 
ceiver. If the detector voltage is too 
low the tube will not oscillate and the 
receiver will therefore not provide max- 
imum volume, especially in receiving 
distant stations. 

The test for oscillation is to turn the 
rheostat about two-thirds on, in a clock- 
wise direction, and then to rotate the 
main tuning dial from zero to 100. 
Whistles should be heard as this dial 
moves past the settings for the broad- 
casting stations which are in operation 
at the time. In other words the “car- 
rier waves”? of the stations should be 
heard. If none are heard it is an indi- 
cation that the detector is not oscillating 
and the process should be repeated again, 
this time with the detector rheostat 
moved about three-quarters on. In 
making these tests be sure that the knob 
of the Bradleyleak is turned in only 
part way, or to a point where no pres- 
sure 1s felt. To find this adjustment 
turn this knob to the right until a slight 
pressure is felt, then turn it back about 
half a turn. 

A slight click should be heard at the 
correct adjustment. 

If the whistles are still audible, the de- 
tector tap on the small “B” battery 

should be moved from 16)% to 18 volts, 
and if there are still no results, on up 
to 19% or 21 volts. These higher 
voltages should certainly give results 
unless the tube is defective. 22% 
volts are rarely needed, and higher 
voltages never. 

. Several cases have appeared where 
builders have complained that they were 
unable to obtain the volume and dis- 
tance which they expected, although 
locals were received with excellent qual- 
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ity and the more powerful stations were 
received with good volume. Investi- 
gation disclosed the fact that these 
fans were afraid to turn their rheostats 
more than half way on for fear the 
detector tube filament would burn out. 
There is no danger in turning the rheo- 
stat two-thirds ‘‘on,’’ or even three- 
quarters. Where it is necessary to do 
this to make the detector oscillate it is 
probable that the Bradleyleak knob is 
screwed down too far or else that the 
detector “B”? battery voltage is too 
low. 

Turning the detector rheostat on two- 
thirds does not mean turning it until 
the arrow points to 66 on the panel. 
It means turning the knob until the spring 
contact lever at the rear of the rheostat has 
traversed two-thirds of the rheostat wird- 
ing. Incidentaily, it is well to attach the 
knob to this instrument in such a way 
that its arrow is parallel with the spring 
lever. Then the operator can tell at a 
glance just where the lever is in relation 
to the winding. 

The second point is that the receiver 
is designed to use the UV-200 or C-300 


_ (the “X” tubes of the same numbers are 


the same as the “UV” and “C” except 
that they have the new standard bases) 
as the detector in this ‘circuit. Other 
tubes such as the 201-a may be used but 
they will not produce as good a tone 


THE PROPER ELECTRICAL LOCATION 
OF THE “C” BATTERY 


FIGURE 2: This drawing shows only the circuit of 

the last tube as no advantage is gained by the use of 

a “C” battery in the preceding stages. The symbols 

used here are the same as those tn the original dia- 

gram on page 497 of the December, 1925, issue of 
POPULAR RADIO. 
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quality; and detector oscillation will be 
hard to control. 
tube of this type may be used; but in 
such a case the detector “B” battery 
voltage should be reduced to probably 
as low as 4% or 6 volts. Even then 
there will be distortion caused by too 
much oscillation. By all means use a 
soft detector tube regardless of any advice 
to the contrary. 


Body Capacity in Tuning 

There is no noticeable body capacity 
effect in tuning this receiver. The hands 
may be placed on the dials or anywhere 
on the cabinet or panel without affecting 
reception in the least: In every case 
where this complaint has been investi- 
gated it has been found that the trouble 
has been caused by having the loud- 
speaker or the loudspeaker cord within 
a few inches of the operator. In that 
case there will be a shrill whistle or hiss- 


In an emergency, a 
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ing when the hand is placed on the tun- 
ing dial. The obvious remedy is to 
keep the loudspeaker and cord a few feet 
away from the body of the operator. 

The above suggestions seem to clear 
up all of the ‘‘trouble shooting” data to 
date. More irregularities may. develop 
in time; and in that case they, together 
with their remedies, will be brought to 
readers’ attention in a later article, or 
in the ‘‘Experimenter’s Laboratory” de- 
partment of later issues. 

Constant experimental work on the 
LC-26 receiver has been carried on by 
Mr. Cockaday and by the author in an 
effort to attain an even higher degree 
of perfection than that reached by the 
original model as described in the 
December, 1925, issue of POPULAR RADIO. 
Much of this work has been confined to 
the receiver itself while some has also 
been devoted to the accessories. The 
suggestions which are offered in this 


SMALL BATTERY CLIP > 


7 


i 


THE “C” BATTERIES INSTALLED IN THE CABINET 


FIGURE 3: A small wood shelf is mounted directly on the rear wall of the cabinet. The bat- 

teries are placed on this and are held in place bya piece of t by 34-inch brass strip, bent to 

proper shape. A small battery clip may be used conveniently to make an easily adjustable 
negative connection. 
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FORBESTAERUTS 


C BATTERY 


A PICTURIZATION OF THE CHANGE SHOWN IN FIGURE 2 
Ficure 4: A section of the original diagram which was printed on page 505 of the Decem- 
» 1925, tssue of POPULAR RADIO, showing the changes which must be made in connecting 
the “C” battery into the circuit. 
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article are a result of these experiments; 
and each one offers some advantage in 
improved reception, added convenience 
or greater economy. 


The Addition of a “C” Battery 


The use of a “C” battery of proper 
voltage with the LC-26 receiver has been 
found to provide advantages in added 
economy of operation and in improved 
tone quality on loud signals. The 
universal comment on this receiver since 
its introduction last December has laid 
especial emphasis upon its exceptional 
tone quality. In this respect there 
seemed little hope for further improve- 
ment. 

However, in carrying on experimental 
work in the Laboratory in an effort to 
reduce “B” battery consumption by 
means of “C” batteries, it was found 
that the “C” battery not only reduced 
“B” battery consumption considerably 
but actually improved the tone quality 
of loud signals to a noticeable degree. 

When no “C” battery is used, the 
“B” battery current consumption of 
the LC-26 receiver is no higher than that 
of other five-tube receivers, in spite of 
the fact that the total “B” battery 
voltage used is 157% volts. Ordinarily 
the amount of current drawn from the 
“B” batteries increases with an increase 
in battery voltage but the use of resist- 
ance-coupled amplification in this re- 
ceiver keeps the current drain well 
down. 

It is assumed here that a 201-a type 
of tube is used in the last audio stage of 
the receiver. If a 112 type of tube is 
used the current drain from the “B” 
batteries will be higher; but this is to be 
expected in view of the greater volume 
produced by this tube. 

The use of the proper “C” battery 
voltage when the UX-112 tube is used in 
the last stage more than compensates 
for the added drain on the “B” batteries 
which results from the use of this tube. 
In fact the total current drain of the 
receiver can be cut in half. Actual 
measurements which have been made 
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show a current drain of 20.5 milliamperes 
per hour for this receiver with a 112 tube 
in the last stage, but without a “C” 
battery. Using 9 volts of “C” battery, 
connected as shown in Figure 2, the 
current consumption is cut to 10 milli- 
amperes. In terms of “B” battery life 
this means that without the “C” battery 
a set of “B” batteries would last approxi- 
mately 170 hours if the receiver were 
used an average of two hours daily. 
With the 9-volt “C” battery in the cir- 
cuit the life of the “B” batteries is 
extended to approximately 400 hours 
under the same conditions of use. 

Where a 201-a tube was used in the last 
audio stage the average ‘‘B”’ battery cur- 
rent drawn by the receiver was 14 
milliamperes. A 6-volt “C” battery 
reduced this drain to 9.5 milliamperes. 
The life of the “B” batteries without a 
“C”? battery would, in this case, be 
approximately 286 hours as compared 
with a life of 420 hours if a 6-volt “C” 
battery were used. _ 


The exact voltage for the “C” battery 
will vary somewhat, depending on varia- 
tions in tubes and other factors in each 
receiver. For this reason it is impracti- 
cal to recommend the exact voltage to 
use. In general it should be about the 
same as mentioned in the preceding 
paragraphs. If a milliammeter is avail- 
able it may be connected in the negative 
lead to the “B” battery and used to 
determine the correct ‘‘C’’ battery volt- 
age. With no “C” battery it will be 
noted that the hand of the meter fluc- 
tuates downward with modulations of 
the received signals. When a “C” bat- 
tery is inserted in its proper place in the 
circuit this downward fluctuation ceases. 
If the “C” battery voltage is too high 
the fluctuation will be up instead of 
down. The most efficient action of the 
audio amplifier is that obtained with 
practically no fluctuation of the hand of 
the meter. l 

If no milliammeter is available it will 
be necessary to judge the proper “C” 
battery voltage by the sound of the 
signals. Starting with 13⁄4 volts of 
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-“C” battery, a broadcasting station 
Should be tuned in with moderate 
strength. The “C” battery voltage 


should be added, 1% volts at a time, © 


until a point is reached where the 
volume starts to decrease, or the tone 
quality becomes impaired. -It is advisa- 
ble to use the highest “C” battery volt- 
age which will still maintain the best tone 
quality and volume. 

After the set has been operating for 
some time the voltage of the “B” bat- 
tery will drop; and when this occurs the 
“C” battery voltage should be decreased 
also. For this reason it is well to ex- 
periment with the voltage of the “C” 
battery from time to time to make sure 
that it is being kept at the best value at 
all times. 
there is practically no current consumed 
from the “C” battery and its life should 
therefore be somewhere in the neighbor- 
hood of a year. 

The diagram in Figure 2 shows how 
the ‘‘C” battery is connected in the cir- 
cuit of the last tube only. Nothing is 
to be gained by connecting it into the 
other circuits. This is convenient as it 
requires only one changed connection 
in the receiver to install this additional 
battery whereas a good deal of rewiring 
would be required if the “C” battery 


`” wide World 


It might be said here that 


to the 
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were to be connected: in the circuits. of 
the other tubes. 

Probably the most convenient location 
for the “C” battery is in the receiver 
itself as shown in Figure 3. The Bur- 
gess No. 5540 “C” battery shown in 
Figure 3 is handy for this use because of 
its compact size. Each of the small 
batteries shown has a voltage of 7%, 
tapped at every 134 volts. Thus with 
two of these blocks secured on the inside 
of the cabinet it is possible to obtain a 
biasing voltage of anywhere from 1% 
to 15 volts, in steps of 1% volts. | 

The electrical location of the ‘‘C”’ bat- 


_ tery is in the grid return of the last tube, 


between the grid resistance, M2 (see 
Figure 1, page 497, December, 1925, issue 
of PopuLar Rapio) and the “A” 
(negative ‘‘A’’) line. The wire which 
connected these two points is removed 
and the “C” battery is inserted in its 
place, with the negative terminal of the 
“C” battery connected to the resistance, 
M2, and the positive terminal connected 
“A”-line. This change is in- 
dicated in Figure 4. It is a good plan 
to fasten a small battery clip on the end 
of the connecting wire which leads to 
the negative terminal of the “C” bat- 
tery. This will make it easier to vary 
the voltage. 
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A LOUDSPEAKER WITH A SEVEN-LEAGUE VOICE 


One of the indirect effects that radio is having upon our civilization lies in the use thatis 


being made in other fields of apparatus developed by radio. 


Here, for example, is a giant 


loudspeaker that was heard by a crowd of 50,000 people assembled in a stadium in France. 
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Barratt’s, London 


AN OVERSIZE VARIOMETER 


The steering wheel of a motor car has been 
appropriated to operate the huge variable 
coupling of this large antenna coil. 


Two Unique Features 


of a New Station 


ANTENA coils which are so huge that they 

must be tuned with the steering wheel of 
an automobile and ground systems so exten- 
sive that they surround acres of meadow are 
two of the unique features of the new super- 
power broadcaster at Daventry, England. 

The coupling of the antenna inductance coil 
(shown above) is operated by means of a 
shaft to which is attached a large wheel. A 
small dial which indicates the position of the 
coils encircles the shaft at the panel. 

The large zinc plate shown at the right 
is only a small part of the comprehensive 
ground system devised by Captain Round, the 
well-known English radio engineer. Twenty- 
four plates, each approximately a yard square, 
are embedded in the earth in a circle about 
the buildings which house the apparatus. From 
each of these plates insulated wires are led 
to posts standing behind them. From insulators 
on the tops of the posts the wires converge to the 
transmitter house. 
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Barratt’s, London ; 
BURYING AN UNUSUAL “ROUND” 
GROUND’ 


A sinc ground platc, over a yard square, being 

placed in position; it forms part of the ground 

system designed by Captain Round for the new 
high power station at Daventry. 
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The obverse of the medal; this original 
is two-and-one-half inches in diameter. 


The reverse; he name aa each recipient 
will be engraved in the space provided. 


THE POPULAR RADIO 


Medal for Conspicuous Service 


T. every radio amateur; to every amateur experimenter and broad- 
cast listener, who is instrumental in alleviating human suffering or 
saving human life, directly or indirectly through the medium of radio, 
recognition will hereafter be extended in the form of a medal that shall 
be known as ‘‘The Popular Radio Medal for Conspicuous Service.” 


This medal is unique within the realms 
of radio in that it shall be awarded, not 
for scientific achievement or invention, 
but for service to humanity; for bringing 
aid in time of peril, within the territorial 
confines of the United States and its 
possessions and in its waters. 


It shall be awarded without discrimi- 
nation to all amateurs—men, women or 


= children, of any race, nationality, color — 


or creed—through whose prompt and 
efficient action radio is utilized to per- 
form an essential part in rescue work. 
The awards shall be restricted to non- 
‘professionals only. 


To insure a fair and unbiased con- 
sideration of all claims, a Committee 
of Awards has been appointed that 
includes five distinguished citizens of 
international fame. 


To assist this Committee of Awards, 
an Advisory Committee has been ap- 


pointed that numbers among its mem- 
bers some of the most eminent citizens 
of the United States, including represen- 
tatives of many of our most distinguished 
institutions. These gentlemen have 
been carefully selected not only because 
they themselves are interested in public 
service, but also because many of them . 
represent important bodies and are con- 
sequently in positions to know: of the 
activities of individuals within their 
spheres and to make recommendations 
that are based upon personal knowledge 
of the achievements of candidates for 
the medal. 


The Popular Radio Medal for Con- 
spicuous Service has been designed by 
the well-known artist, Walter D. 
Teague. It is two and a half inches in 


diameter in size, and is cast in monu- 


mental bronze. 


The conditions under which the medal 
will be awarded are here specified: 
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1. The medal shall be known as the Popular 
Radio Medal for Conspicuous Service. 


2. The medal shall be awarded, without dis- 
crimination as to sex, age, race, nationality, 
color or creed, to those radio amateurs, radio 
experimenters, broadcast listeners and other 
non-professionals through whose prompt and 
efficient action radio 1s utilized to perform an 
essential part in the alleviation of human 
suffering or in the saving of human life within 
the territorial confines of the United States 
and its possessions, or in the waters thereof. 


3. The medal shall be awarded by a Committee 
of Awards that shall not exceed five in num- 
ber. No member of this Committee shall be 
an employee, olflicer or stock holder of 
PopuLaR Ranio, Inc., nor shall any such 
employee, officer or stockholder have a vote 
in the deliberations of the Committee. 


4. An Advisory Committee, which shall co-. 


operate with the Committee of Awards and 
which shall be particularly charged with the 
responsibility of making recommendations for 
awards of this medal, shall be made up of 
men and women who, because of their 
interest in the public welfare or because of 
their connection with institutions that are 
consecrated to public service, are in positions 
to bring to the attention of the Committee 
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of Awasds the exploits of candidates who are 
within their own special fields of activity. 


5. The medal will be awarded for services 
rendered since Armistice Day, November 11, 
1918. 


6. Recommendations for awards may be sub- 
mitted to the Committee of Awards at any 
time and by any person. Every recommenda- 
tion must contain the full name and address 
of the candidate, together with a detailed 
account of the accomplishment on which 
the proposed award is based, and must be ac- 
companied by corroboratory evidence from 
persons who have first-hand knowledge of the 
circumstances and whose statements may be 
verified to the satisfaction of the Committee 
of Awards. 


7. The medal will be awarded to as many indi- 
-viduals as qualify for it and at such times as 
the Committee of Awards may authorize. 


8. All considerations not specified herein shall 
be left to the discretion of the Committee of 
Awards. 


All communications to the Committee of Awards 
may be addressed to— 


THE SECRETARY OF THE COMMITTEE OF 
AWARDS, POPULAR RADIO MEDAL FOR CON- 
SPICUOUS SERVICE, 627 WEST 43rd STREET, 
NEW YORK. 


The Committee of Awards 
of the Popular Radio Medal. for Conspicuous Service 


Hiram Percy Maxim, President of the American Radio Relay 


League. 


E. F. W. ALEXANDERSON, Chief Consulting Engineer of the Radio 


Corporation of America. 


Major GENERAL CHarLes McK. SALTZMAN, Chief Signal 


Officer of the Army. 


REAR ADMIRAL W. A. Morrett, Chief of the Bureau of Aero- 


nautics, U. S. Navy. 


Dr. Joun H. FINLEY, publicist an 


d journalist. 


Secretary: Dr. E. E. Free. 


——— 


Advisory Committee 


SENATOR JAMES W. WADSWORTH, JR., of New 
York, 


Hon. JOHN BARTON PAYNE, Chairman, American 
Red Cross. 

ADOLPH LEWISOHN, publictst. 

JupceE Ben S. Linnsey, of the Juvenile and 
Family Court, Denver, Col. 

Dr. J. McKEEN CATTELL, President, American 
Association for the Advancement of Sctence. 
Dr. J. H. DELLINGER, Past President, Institute of 

Radio Engineers. 
FarLeEY Oscoop, Past President, American Insti- 
tute of Electrical Engineers. 


C. S. Grunsky, President, American Society of 
- Civil Engineers. 


Dr. Dayton C. MILLER, President, The Ameri- 


can Physical Soctety. 

W. L. ABBOTT, President, the American Society 
of Mechanical tngineers. i 

W. J. HoLtanp, President, Carnegie Hero Fund 
Commission. 

GEORGE K. Burcess, Director, Bureau of Stand- 
ards. 

CoLIN H. LivincstoneE, President, Boy Scouts 
of America. 

DANIEL C. BrEarD, Chairman, National Court 
of Honor, Boy Scouts of America. 
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Miss SARAH LOUISE ARNOLD, President, Girl 
Scouts. 

Dr. W. D. HacGarp, President, 
Medical Association. 

K. A. BICKEL, President, United Press Associa- 


American 


lion. 
KENT COOPER, General Manager, the Associated 
Press. 
P. Davis, Vice-President, Westinghouse 
Electric & Manufacturing Company. 
Dr. VERNON KELLOGG, General Secretary, 


National Research Council. 

Jesse LyNcH WILLIAMS, Past President, Authors’ 
League of America. 

W. D. TERRELL, Chief Supervisor of Radio, U.S. 
Department of Commerce. 
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PROFESSOR GEORGE B. PEGRAM, Department of 
Physics, Columbia University. 

PROFESSOR H. H. SHELDON, Professor of Physics, 
New York University. 

Wma. HAWLEY ATWELL, Grand Exalted Ruler, 
Order of Elks. : 

PROFESSOR EDWIN B. Witson, Harvard Uni- 
versity, National Academy of Science. 
. E. HARKNESS, Vice-President, American 
Telephone & Telegraph Company. 

WILLIAM L. SAUNDERS, President, United Engi- 
neering Societies. 

Bric. Gen. J. R. QuiGG, Commander, the A meri- 
can Legion. 

Joun H. Moss, President of Kiwanis Interna- 
tional. 


From a photograph made by Borgens, Oslo, Norway, especially for PORDAN RaDio 
WHAT EFFECT DOES THE AURORA BOREALIS HAVE ON 
RADIO RECEPTION? 


Among ihe distinguished physicists who are seeking the answer to this important question 
ts Prof. Lars Vegard of Norway, who is shown above with the apparatus used to obtain the 


green spectro line of the aurora from frozen nitrogen gas. 


What has already been learned 


about this subject of interest to all radio fans will be told in PoruLar Rapio for May. 


IN THE WORLD’S 
LABORATORIES 


Conpuctep BY Dr. E. E. FREE 


-n 


Have “Brain Waves” 
Discovered? 


THE scientific world, to say nothing of that 
part of the world which remains blissfully un- 
conscious of science, continues to nurse the hope 
of identifying some kind of human radiation, 
some “ray” which may be correlated with the 
mysterious phenomenon of thought and which 
may be used, perchance, to provide a reasonable 
basis for the supposed and cherished instances of 
thought transference or . “telepathy. ” Radio 


Been 


has been invoked many times as the medium of: 


this transference. But, as the properties of radio 
waves become better understood, this con- 
tinues to seem less and less probable. The 
current idea, nowadays, seems to be that there is 
some unknown kind of radiation lurking some- 
where in the less explored parts of the ether- 
wave spectrum. Even this, it must be con- 
cluded, is extremely doubtful. 

Ina recent series of papers, M. Francis Marre, 
of Paris, summarizes the claims made for the 
reality of some such human radiation.* In 
England, Mr. C. Russ (not to be confused with 
Dr. Sidney Russ, the well-known biophysicist of 
London) has made some stir by announcing his 
supposed (but very doubtful) discovery of an 
instrument. which can be deflected by the power 
of the human eye. Much more important than 
this is the fact that Dr. Ferdinando Cazzamallli, 
Professor of Nervous Pathology in the University 
of Milan, Italy, has obtained what he believes to 
be experimental evidence of' the “broadcasting” 
of radio impulses by the human brain, especially 
in states of extreme emotion and in abnormalities 

of the ‘‘psychic”’ variety.t 
` Whether or not one agrees with the conclu- 
sions reached by Dr. Cazzamalli, it is necessary 


* Essays on the Radiation of the Organism” (in French), 
by Francis Marre. Radio-Electricité (Paris), vol. 6, pages 
306-307 (August 25, 1925), pages 322-323 (September 10, 
1925), and pages 342-343 (Se tember 25, 1925). See also 
an earlier contribution b M. Paul Lambert, under the 
same title, to which M. Marre acknowledges indebtedness, 
which was published originally in L'Electricité pour Tous 
(Brussels), Fanua 15, 1925, and republished by Radio- 
Electricité, vol. 6, pages 463-464 (December 25, 1925). 

¢Dr. Cazzamaili's experiments | were announced.last sum- 


to applaud the care and seriousness with which 
he has attempted to obtain unmistakable exper- 
mental evidence of radio emanations from the 
brain. The experiments were conducted inside 
an airtight room, built of carefully soldered 
sheets of tern plate (sheet iron covered with a 
lead alloy). This room contained a cot for the 
patient, a chair and the radio detecting appar- 
atus. Air was provided through filters composed 
of iron filings and grounded. The metal sides 
of the room were thoroughly grounded also. If 
necessary, food could be introduced through a 


. two-compartment metal trap, also grounded. 


These precautions were necessary in order to 
keep out stray electromagnetic disturbances. 
That they were successful was indicated by the 
fact that a radio receiver inside the sealed room 
picked up no disturbance whatsoever, not even 
any static. 

The radio devices used in the experiments were 
of several types, ranging from a simple crystal 
detector to vacuum-tube receivers provided 
with two stages of audio-frequency amplifica- 
tion. From the viewpoint of the radio engineer, 
Dr. Cazzamalli’s descriptions are not very com- 
plete; but it appears that none of the receivers 
employed would have possessed extreme sen- 
sitivity. Nevertheless, sounds were heard in 
the receivers whenever the patient, inside the 
metal room, entered any abnormal or emotional 
mental state. There seemed to be certain cor- 
respondences between the nature of the mental 
state and the character of the sounds, although 
Dr. Cazzamalli is properly conservative in assert- 
ing this as a definite conclusion. 

This is, undoubtedly, an important and valua- 
ble experiment. It appears to be the first time 
that a human being and a radio receiver have 
been isolated together inside a thoroughly 


mer in the Revue Metapsychique (Paris) and were noted in 
the American newspapers during the week beginning Aug- 
va 16, 1925. His paper has now been translated into E 


y Mr. J. Malcolm Bird, assisted by Mr. Austin 
put Sone as radio expert. It appears as: “Telepsychic 
Phenomena and Cerebral Radiations,’’ by Ferdinando Caz- 


zamalli. = ae of the Society for Psychical Reseasch. (New 
York), vol. sted te 1-17 (January, 1926). POPULAR 
Rapio is indebt Dr. Cazzamalli for some additional 
information concerning his experiments: 
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_ grounded cage. There is now no doubt that un- 
fer these circumstances disturbances of some 
kind can be picked up by the receiver. Dr. 
Cazzamalli has indubitably done this. But can 
we be so sure that the disturbances are ‘‘brain 
waves?” 

- All nerve action, it is true, is certainly of 
electric character. 
out, as do all electric changes, some variety of 
ether-impulse; possibly some kind of wave, pos- 

_sibly some quickly-damped impulse more like 
that created by a sharp and transient electric 
spark. With these conclusions all physicists 

and physiologists will agree. But, unfortu- 
nately, these electric reactions in the nervous 

alissues, including the brain, are not the only 
electric changes which go on in the living human 
body. Every beat of the heart causes an electric 
change. That is how the familiar medical in- 
strument, the electro-cardiograph, operates. The 
corpuscles of the blood are electrically charged. 

Every time that a muscle contracts, including 
the involuntary and unconscious contractions of 
the muscles of the stomach and of other internal 
organs, an electric change occurs. An ether 
impulse of some kind is sent out, undoubtedly, 
into the surrounding space. It seems quite pos- 
sible that it was some of these bodily reactions 
which Dr. Cazzamalli’s apparatus detected, not 
any “thought wave” from his patient’s brain. 

The difficulty in detecting the possible “human 
radiation” by radio is not that none exists, 1t 1s 
that too much exists; too many kinds of impulses 
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From a photograph made especially for POPULAR RaDio by Caimmpbell-Gray, London 


It is probable that it sends’ 
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are coming out all the time from the living, active 
human body. This is no criticism of Dr. Caz- 
zamalli. He has taken an important first step. 


“It is to be hoped that the experiments will be 


continued and extended as rapidly as possible, 
both by Dr. Cazzamalli and by others. $ 
What is needed, of course, is not more sensi- 


_tive receivers but more selective ones. Proba- 


bly any good radio receiver, properly shieldėd 
from outside interference, will duplicate what 
Dr. Cazzamalli has observed. The problem is 
to sort out the impulses of different kinds, to 
separate the heart-waves and the -stomach- 
waves and the muscle-waves and so on, from any 
possible brain-wave that may be there. The 
plight of the present brain-wave searcher is like 
that of a man with an untunable crystal receiver 
set up in some radio bedlam such as our great 
cities have now become. 


Radio Ills from Sunspots 


IF there remained any radio experts who 
doubted the effects of the condition of our sun on 
terrestrial radio, they must have been convinced 
during the International Radio Tests of the 
week of January 24, 1926. It happened that 
at that time there were two active groups of 
spots on the sun. These were easily large 
enough to be seen by the naked eye, protected, 
of course; by a bit of smoked glass. During 
that same week the aurora was unusually active 
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MEASURING ELECTRIC CURRENTS FROM THE HEART BEAT 


One of the chief difficulties about detecting electric waves from the brain is that every muscle 
tn the body, including that of the beating heart, produces electric changes. The instrument 


shown here is the electro-cardiograph, used to detect these changes. 


The girl's hands, 


dipped into bowls of salt water, make the contacts by which the heart's electricity is com- 


municated to the recorder on the table. 


This photograph is published by spectal permission 


of the British Empire Exhibition Committee of the Royal Society. 
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U. s. Coast and Geodetic : care 
A DIP CIRCLE 
This is a delicate magnetic compass, so arranged 
that. its needle measures the inclination of the 
earth's magnetism to the horizontal. This inclina- 
tion, called the ‘‘dip,”’ changes during the magnetic 
storms which so disturb radio. 


- LADD 
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and severe magnetic storms occurred. -That 
week marked, also, the practical failure of the 
International tests. Radio transmission across 
the Atlantic was consistently worse than in 
many weeks in the spring and fall. 

The fact that an unusual number of spots was 
appearing on the sun became obvious in the 
first week of November. The group then 
visible disappeared around the edge of the sun 
on November 20 and did not reappear. By 
mid-December, however, another large group 
had appeared and the sun remained unusually 
bespeckled after that time. At the time of the 
total eclipse, on January 14, the observers in 


. Sumatra. reported both sunspots and promin- 


ences as unusually and unexpectedly numerous. 


Terrestrial symptoms began on December 27 


and 28, both of these dates being marked by 
magnetic disturbances of moderate intensity. 
These disturbances continued at intervals until 
January 26, on which day occurred one of the 
most violent magnetic storms on record, with 
corresponding deterioration of radio communi- 
cation. 

By ‘‘magnetic storm” is meant an occasion on 
which the elements of the earth’s magnetism 
show sudden and relatively violent alterations. 
The direction in which the compass needle points 
may swing to the east or to the west by a whole 
degree, or even more. The angle of ‘‘dip,” 
which means the normal inclination of the 
magnetic lines of force to the surface of the 
ground, may alter also. The intensity of the 
earth-magnetism, as measured by a magneto- 
meter, suffers simultaneously from the same 
disturbances.* That these magnetic symptoms 


*An admirable general discussion of the earth's magnetic 
field, its variations and the means of measuring its elements 
is contained in “The Earth’s Magnetism,” by Daniel L. 
Hazard, 52 pages, 1925,-pubiished. as Special Publication 
number 117 of the United States Coast and Geodetic Sur- 
vey and obtainable for fifteen cents from the ig a nag oe 
of Documents, Washington, D. C. Every radio fan inter- 
ested in the effects of earth magnetism on radio should 
obtain and read this document. 
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From Special Publication No. 117, U .8. C. & G. 8S. 


A MAGNETICALLY QUIET DAY AND A STORMY ONE 
Curves are given for two days, a quiet day above and a disturbed day below. The three curves 
for each day indicate, respectively, the magnetic declination, the intensity of the magnetic 
ferce and the inclination of this force to the earth's surface. 


IN THE WORLD’S LABORATORIES 


William Henry 


DISTURBERS OF THE INTERNATIONAL RADIO TESTS 
This picture shows the remarkable sun spots of January 24, 1926. The larger spot was 


> vast enough to have ingulfed a dozen whole earths... Magnetic disturbances connected 
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with 


the violent solar storms creating these spots caused severe interferences with the international 
broadcasting tests late in January. 


are merely results of a more widespread electro- 
magnetic disturbance as indicated by the simul- 
taneous occurrence of powerful stray currents 
in long telegraph lines and similar wires, suffi- 
cient, in many instances, to paralyze telegraphic 
communication for minutes or even for hours. 

Just how-these terrestrial magnetic effects are 
related to what is going on in the sun is not 
known, although a general correspondence in 
time between the terrestrial magnetic storms and 
an unusual frequency of sun spots has been 
recognized for many years and is universally 
admitted. A sun spot consists, the astrono- 
mer’s believe, of a vast whirling storm in the sun. 
It is much like a terrestrial cyclone, although far 
larger. We know, too, by actual observation 
of the light from sun spots, that vast magnetic 
forces are at work in them, forces great enough 
to modify the light-giving power of the atoms 
caught therein. Possibly these magnetic (and 
undoubtedly electric) forces in the spots send out 
electromagnetic waves of some kind which 
affect the magnetic field of the earth. Or per- 
haps the messengers are streams of electrons or 
ions, shot out from the solar atmosphere when 
this atmosphere is so tremendously disturbea 
as it is by a vast sun-spot storm perhaps a hun- 
dred thousand miles in diameter. 

Whatever the mechanism, it is beyond ques- 
tion that spots on the sun mean trouble for teleg- 
raphers and for radio listeners here on earth. 


Radio transmission is dependent, we now know, 
upon the electric condition of the atmosphere and 
upon the nature and intensity of the earth’s 
magnetic forces.* Both of these are affected, 
very powerfully, by the disturbances, whether 
electronic or radiant, which are sent out from a 
stormy sun. Our dependence upon the sun for 
light and heat and power and food is well known. 
It is now apparent that we are dependent on it, 
also, for the good or bad quality of radio. 


*For the effects of the pea forces of the earth on 
radio transmission see: ‘How Earth Magnetism Affects 
Radio Waves,’ oy H. W. Nichols and T C. Schelleng, 
POPULAR Rapio for October, 1925, pages ey a 

‘‘Alexanderson'’s Theory of Twisting ves 
Rapio for November, 1925, pages 461-463. 


Trailing Noises With a Radio 
Apparatus 


OnE of the latest services of radio science to 
other scientific inquiries is the apparatus, re- 
cently developed and applied, by which the loud- 
ness of noises of any kind may be measured and re- 
duced to definite quantitative units. This appara- 
tus was applied some months ago to the measure- 
ment of the amount of noise produced by a mov- 
ing automobile. More recently, the apparatus 
has been used to make a “‘noise survey” of the 
streets of Manhattan and of Brooklyn. 
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The development began with the audiometer, 
an instrument devised by Dr. Harvey Fletcher, 
of the Bell Telephone Laboratories, for the 
purpose of measuring the hearing abilities of 
the human ear, especially in cases of partial 
deafness.* This audiometer consists of a com- 
bination of vacuum-tube circuits capable of feed- 
ing into a telephone receiver notes of certain 
given audio frequencies and with any desired 
intensity, from zero to a tone which is louder 
than most people can bear. Having perfected 
this instrument, Dr. Fletcher then devised a 
smaller, portable form, which does not produce 
pure tones each of a definite frequency, but 
merely a single buzzer note, designed to contain 
most of the audio frequencies present in ordinary 
sounds and important in hearing. This buzzer 
note may be attenuated, by a potentiometer, so 
that any desired intensity, over a considerable 
range, may be fed into a standardized telephone 
receiver and thence into the ear which is under 
test. 

For the testing of the percentage of hearing re- 
maining to a person who is partially deaf, all that 

*See PopuLarR Rapio for December, 1924, pages 620-622. 
For a full account of the audiometers, their theory and uses 
see: ‘‘Audiometric Measurements and their Uses,” by 
Harvey Fletcher, Transactions of the College of Physicians 
of Philadelphia, 1923, 13 pages; and “Physical Measure- 
ments of Audition and their Bearing on the Theory of 
Hearing,” by Harvey Fletcher, Journal of the Franklin 
Institute (r hilaqelpnii), vol. 196, number 3. (September, 


1923), 38 pages; th reprinted by The Bell Telephone 
Laboratories, Inc., New York. 
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is necessary is to determine the attenuation of 
the buzzer note which can be introduced without 
making the note inaudible. If even the loudest 
note is unheard, the deafness is considered com- 
plete. If the note can be heard at its lowest 
intensity—the most complete attenuation—hear- 
ing is considered perfect. 

To measure noise with this device a modifica- 
tion is introduced. Instead of an ordinary 
telephone receiver, fitting closely against the ear, 
a receiver is employed which has an offset, so 
that there is a small space between the receiver 
and the side of the head. Noise from the sur- 
roundings enters the ear through this space. 
Simultaneously, the tone from the receiver enters 
the ear. The latter tone may be adjusted in 
intensity, as just explained. The operation 


„consists, therefore, in adjusting this buzzer-note 


intensity until the noise from the surroundings 
just masks it; that is until the buzzer note jus: 
cannot be heard against the noise. The note and 
the noise are then assumed to have the same 
intensity, an assumption which is found correct 
by actual test, provided only that the noise being 
measured is substantially similar in character (as 
to its component frequencies) to the tone sup- 
plied from the buzzer. 

This method of measuring the intensity of noise 
has been applied to automobile noise by B. J. 
Lemon and H. Clyde Snook and to the general 
street noise of New York City, in the investiga- 
tion already mentioned, which was made by the 
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HOW STREET NOISE WAS MEASURED IN NEW YORK 


The buzzer circuit of the audiometer is inside the larger wooden box. 


The smaller box, 


resting on the lid of the larger one, is the potentiometer, used to attenuate the buzzer note, 


as in an audibility meter. 


The telephone receiver, pressed to the operator's ear, permits the 


street noise to enter the ear together with a note of known intensity from the buzzer circuit. 


IN THE WORLD’S LABORATORIES 
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Bell Telephone Laboratories 


THE MOST COMPLETE FORM OF AUDIOMETER 


This instrument, devised for the testing of hearing, uses vacuum-tube oscillating circuits to 
produce tones of fixed pitch and known intensity. The patient, seated at the right, records 


the intensity which she can just hear. 


Thus the sensitivity of the ear for various pitches is 


determined. Standing behind the patient is Dr. Harvey Fletcher, of the Bell Telephone 
Laboratories, who perfected the audiometers, including the one used for noise measurement. 


Forum, a magazine of that city.*f The apparatus 
and its use for noise measurement were described 
by Mr. Snook before the Society of Automotive 
Engineers in June, 1923, and again before the 
New York Electrical Society, February 3, 1926. 

The most striking conclusion from the noise 
survey of New York City is that practically all 
of the city noise is produced by the traffic on 
the streets, with the automobile truck ranking as 
the greatest contributor. As might have been 
expected, the noise is local in distribution; the 
back rooms of a house may be very quiet, even 
though the house fronts on a very noisy street. 
In terms of physical units, the quietest places in 
the city have an average noise intensity of 
approximately .001 dyne per square centimeter; 
the noisiest places reach an average of about 
0 dynes per square centimeter, a variation of 
twenty thousand times. The noise of 20 dynes 
per square centimeter means, in terms of human 


n 


*See the important paper “Automobile Noise Measure- 
ment.” by H. Clyde Snook. Journal of the Society of Auto- 
molite Engineers, vol. 17, number 1 (July, 1925), 29 pages, 
a by Bell Telephone Laboratories, Inc., New York 


t'How Noisy is New York,” by E. E. Free. The Forum 
(New York), vol. 75, number 2, pages xxi, xxii and xxiv of 
the illustrated section (February, 1926). Newspaper ac- 
counts, with some additional data, were published in the 
New York Herald-Tribune for January 15, 1926, and in the 
Brooklyn (New York) Eagle for January 21, 1926. 


hearing, that about half the normal sensitivity ` 
of the human ear is lost where that level of noise 
prevails. l 

The most interesting feature of these new 
methods and tests (for the radio engineer, at 
least) is what they suggest for the future. Noise 
is increasing in our cities; it is increasingly an- 
noying. There is more and more demand for 
noiseless automobiles, noiseless offices, quieter 
houses, machinery that is less ear-splitting. 
One can scarcely doubt that there will be, before 
many more months, a new profession of noise 
engineer. The tools of this profession will be 
radio tools; its technique will be, essentially, the 
technique of the radio engineer. It will merely 
be audio-frequency work instead of radio-fre- 
quency work. The path blazed by the Bell 
Telephone Laboratories, in the persons of Mr. 
Snook and Dr. Fletcher, will be followed, we 
may be sure, by many of the radio fraternity. 


We must not forget, however, an important 
caution. The science of sound has been a back- 
ward one for a generation. Other sciences have 
outstripped it. Many of its basic facts are 
unknown or are known only imperfectly. These 
facts are being discovered or corrected quite 
rapidly. They will soon be available, just as the 
facts about city noise have become available. 
In the meantime, guessing is dangerous. The 
fact that acoustic engineering is likely to call for 
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men and for answers should not induce ill- 
prepared enthusiasts to rush into it too rapidly 
or to promise or attempt too much. 


A New Radio System for 
Locating Ships 


AN ingenious combination of sound waves and 
radio waves has been perfected by the United 
States Coast and Geodetic Survey in order to 
locate the exact position of a survey ship off the 
coast, even when the coast line 1s hidden by fog, 
haze or the smoke of forest fires ashore.* Under 
normal conditions the location of a vessel en- 
gaged, for example, in making precise soundings 
for shoals and reefs, is determined by taking the 
direction of two or more visible points on the 
shore, so that the ship’s position may be fixed 
on the chart by what survevors call ‘‘tnangula- 
tion.” This requires good vision of the shore 
stations. When they cannot be seen the use 
of this method is impossible. 

The new method obviates this difficulty. 
Visibility of points on shore from the surveying 


*The method was mentioned by Commander N. H. 
Heck, of that Survey, in an address befure the American 
Association for the Advancement of Science, at Kansas 
City, Missouri, on December 29, 1925. Intormation for 
the present note has been kindly supplied especially to 
Poputak Rapio by Director B. Lester Jones, of the U. S. 
Coast and Geodetic Survey, Washington, D. C. 
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ship is not necessary and only a stiff gale will 
cause the suspension of the survey work. “The 
measurement is made,” says the Survey, “by 
recording the speed of a sound wave from ship 
to shore and then converting it into distance,” a 
conversion which is quite easy when the speed 
of sound in sea water is known. ‘The sound is 
produced,” the Survey's statement continues, 
“by the detonation of a time-fuse bomb of 
T. N. T., which is dropped from the vessel while 
under way. The sound of the explosion is 
picked up on board ship by a hydrophone (a 
microphone for under-water service) which con- 
verts the pressure variations of sound waves into 
variations of electric current. These varia- 
tions are amplified to operate a relay, through 
which the instant of explosion is registered on a 
strip of moving paper. The ticks of a chronom- 
eter are also recorded on this strip. 

“The sound wave from the explosion is also 
picked up on shore by a hydrophone planted on 
the bottom of the sea and connected to the shore 
station. The sound impulse is amplified to 
operate a relay, which, after a predetermined 
interval, starts a radio transmitter to sending 
out a code message for that particular station. 
Reception of this message on the vessel is 
recorded on the chronograph strip. After the 
known lag at the shore station is subtracted, the 
travel time [for the sound wave in the water] 1s 
converted into distance. * * * * Coast and 
Geodetic Survey vessels have worked success- 
fully 200 miles off shore by this method.” If 


U. S. Coast and Geodetic Survey 


HOW RADIO AND SOUND WAVES FIX A SHIP’S POSITION 
A bomb is dropped from the ship and explodes under water. Sound waves travel through the 


water, affecting the hydrophones on the sea bottom near shore. 


milter at the shore stations. 


This starts the radio trans- 


Their signals are picked up on the ship, thus fixing the time 
needed for the sound wave to travel from ship to shore. 


The distance can be calculated 


from this time. 


IN THE WORLD’S LABORATORIES 
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THE’ RECORD OF A SUPPOSED CREATION OF MERCURY 
In this series of spectra, photographed by Professor Smits, the lines due to lead become weaker 
and thelines due to mercury become stronger from the top of the series downward, this cor- 
responding to the length of time that the molten lead had been exposed to electric action in 
the lamp. Professor Smits believes that this change tndicates a transmutation of the atoms 
of lead into atoms of mercury. 


desired, the velocity of the sound wave in the 
sea water of. that particular locality may be 
determined by. exploding bombs and taking the 
radio records: at times of clear weather, when 
visual checks on shore stations are possible. 


Another Alchemist Appears 


READERS of POPULAR RADIO wil remember 
the claims made two years ago by Professor 
Adolf Miethe, of Berlin, that he had succeeded 
in the age-old quest of the alchemists and had 
transmuted ‘the element mercury—common 
quicksilver—into gold. A little later, Professor 
Hantaro Nagaoka,-of Japan, claimed to have 
accomplished the same feat. Unfortunately, 
these claims did not stand unchallenged. -Some 
of Professor Miethe’s own colleagues, in Berlin, 
reported against his claim. Professor H. H. 
Sheldon and Mr: R. S. Estey, of New York 
University, repeated.the experiments, exactly as 
described by Miethe, but obtained no gold.* 
Nagaoka’s experiments do not seem to have 
been repeated critically; but they are similarly 
under suspicion in well-informed scientific circles. 

Now appears another scientist who believes 
that he has accomplished the transmutation of 


*See “The New Alchemy Fails to Make Gold,” this De- 


partment of POPULAR Rapio for December, 1925, pages 
577-578. 


one atom into another. Gold is not involved, 
the transmutation being of lead atoms into 
thallium atoms and, ultimately, into mercury 
atoms. The scientist is Dr. Arthur Smits, well- 
known and respected Professor of Chemistry in 
the University of Amsterdam, Holland.t The 
method similar to that used by Miethe. 
Pure lead is put into a quartz tube and heated. 
Through the vapor of lead thus produced in. the 
tube prea electric currents are passed, 
usually in the form of intermittent heavy sparks. 
The spectrum of the light is photographed. 
In the beginning, this spectrum shows the lines 
of lead. As the sparking goes on, the lead lines 
grow weaker, while lines of thallium and of mer- 
cury appear and grow stronger. It is assumed 
that lead atoms are being converted into thal- 
lium or mercury atoms. 

Professor Smits’ report is straightforward and 
impressive. However, the scientific world, once 
bit (however unintentionally) : by Professor 
Miethe, is twice shy. The Amsterdam claim 
does not seem to have met with very general 
acceptance. Except for one rather doubtful 
chemical test, the evidence of the formation of 
mercury is purely spectrographic, and spectra 
have a way of performing unexpected tricks. 

t'‘Transmutation of Elements” by A. Smits. Nature 
(London), vol. 117, pages 13-15 (January 2, 1926), and 
“The Transmutation of Elements," by A. Smits and 


A. Karssen. The Scientific American (New York), vol. 
134, pages 80-81 (February, 1926). 
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ConpucTtED BY Hucum S. KNowLES 


In justice to our regular subscribers a nominal fee of $1.00 per question is charged to non-subscribers 


to cover the cost of this service, and this sum must be inclose 


with the letter of inquiry. Subscribers’ 


enquiries should be limited to one question or one subject. 


The Use of Silver Wire for 
Bus Wiring 


QvuEsTION: I am rebuilding my receiver 
and want to make it as eficient as pos- 
sible. I have used the best parts avail- 
able throughout and want to spare noth- 
ing to make it as fine a set as may be 
built. I understand that sterling silver 
is a better conductor than copper. 
Would you advise me to use it in con- 
necting up the set? 

SAMUEL BIRD. 

_ANSWER: This is a common question; it in- 
dicates that some set builders have consulted 
a table of specific resistances. The conductivity 
of annealed electrolytic copper is about 95 per- 
cent that of pure silver. Sterling silver is not 
pure silver but an alloy that contains consider- 
able copper. Its conductivity therefore, is less 
than that of pure silver. Aside from this con- 
sideration however, and even assuming that pure 
silver is used, the difference in conductivity does 
not warrant the additional expense. It would 
be just as logical to use silver wire in the loop and 
this would be very expensive. The slight dif- 
ference in conductivity can be compensated for 
by using wire a size larger. 


The Use of a Wave-trap with 
Loop Receivers 


QvuESTION: There is a powerful station 
about two miles from my house that is 
very hard to tune out. I am using a 
standard type eight-tube superhetero- 
dyne with a loop. Can a wave-trap be 
used with a loop antenna’? Would it 
help to eliminate this interference? 

| HAROLD FIELDING 


ANSWER: When the received wave differs suf- 
ficiently from the interfering wave, a wave-trap 
may be used advantageously with any type of 
antenna. The wave-trap is nothing but a par- 
allel resonant circuit designed to offer a verv 
high impedance to the frequency to which ıt is 
tuned. Increasing the resistance of this circuit 
decreases the impedance to this resonant fre- 
quency so a good coil and condenser should be 
used. 

As in the case of an outdoor antenna the wave- 
trap may be used either by connecting it directly 
in series with the loop or by coupling it to a 
small coil connected in the loop circuit. In 

ractice this latter arrangement 1s generally to 
e recommended since its reaction on the loop 
circuit may be controlled more easily. 


How to Test Large Condensers 


QuEsTION: I have a few bypass con- 
densers ranging in capacity from .1 to 
1 mfd., which I use in making up sets. 
I have tried testing them with a headset 
and battery but they all give a pro- 
nounced click which I understand should 
indicate that they are defective. Is there 
any more accurate method of comparing 
any two condensers to determine which 
has the higher resistance, that is, which 
is the better to use in a set? 

WILLIAM CLARK. 


ANSWER: The usual phone and battery test is 
unsatisfactory for condensers of this type. This 
is due both to the high capacity and to the 
relatively low resistance of this type of con- 
denser. - 

High capacity condensers possess a large 
initial current which will produce a loud click 
in the phones, while condensers with a low resist- 
ance will discharge rapidly enough so that sub- 
sequent tests also give a click in the phones. 

There is a simple method which may be 
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to get a relative idea of the resistance of several 
condensers. ; 

Charge the condensers with fairly large ca- 
pacities by means of a single dry cell. For small 
capacities of the order of .0005 mfd. more voltage 
should be used. (The charge on a condenser is 
equal to the product of the capacity and the 
applied voltage.) 

The battery should be connected directly 
across the condenser for a period of from five to 
thirty seconds or possibly even longer. The 
reason for this is that the charging time should 
be the same for all of the condensers compared, 
and it is somewhat easier to measure a long pe- 
nod of time accurately than a short one. 

Wait a few minutes (which should be timed 

not estimated) and connect the phones across the 
condenser. Unless the condenser is a poor one 
there should be a pronounced click, thus show- 
ing that the condenser is not completely dis- 
charged. 
Charge the condensers again and increase the 
time before testing until there is a barely per- 
ceptible click. The condenser that requires the 
longer time to discharge to this point is the 
better one, as it has the higher resistance. 

It must be remembered that this system is 
satisfactory only when condensers of the same 
capacity are to be tested or compared. The 
relation between the time required to discharge 
and the resistance is a complicated one and the 
fact that one condenser takes twice as long to 
discharge as another does not necessarily indicate 
that it has half the resistance. 


How to Insert a Crystal Detector 
in the Four-circuit Receiver 
QuEstion: I have a Cockaday four- 
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circuit receiver which was built from the 
description given in the October, 1924 
issue of POPULAR Rapio. I have heard 
that a crystal detector gives better qual- 
ity than a tube detector, so I should like 
to experiment with it, even though this 
set gives very good quality. If I could 
use it on local stations it might operate 
satisfactorily and save the heavy “A” 
battery drain of the UV-200. 
EDWARD CARSON. 


ANSWER: This change may be readily made as 
may be seen from Figure 1. 

You will need a single pole donble throw switch 
such as the Yaxley No. 30. Disconnect the “B” 
plus lead to the audio-frequency transformer 
from the transformer and connect it to one of 
the stationary springs of the switch. Connect 
the transformer binding post just disconnected 
to the moving spring of the switch. Connect 
the other lead of the switch to one side of the 
cyrstal detector and the other side of the detector 
to the outside lead of coil B as shown. 

Make the leads to the crystal detector as short 
and direct as possible and space them as far as 
possible from the plate leads. If the change from 
one type of detector to the other is to be made 
frequently you may find it convenient to put the 
switch on the panel over the Dublwundr. This 
necessitates rather long leads and we suggest 
you mount it on a small brass bracket on the 
baseboard just back of the first socket. 

The letters on the various parts are those used 
on the original diagram of this receiver. 


THE FOUR-CIRCUIT RECEIVER WITH A CRYSTAL DETECTOR 
FIGURE 1: This schematic diagram shows how the change from a vacuum tube to a crystal 
detector may be made in the Four-circutt receiver. All the lettering in the drawing ts identical 

with that employed in the original diagram of the receiver. 
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A SCHEMATIC DIAGRAM OF THE ULTRADYNE 
FIGURE 2: The detailed hook-up of the Ultradyne superheterodyne receiver which is de- 


scribed below. 


The lettering of the apparatus in the drawing corresponds with that in the 


printed list of parts. 


How to Build the 
Ultradyne Superheterodyne 


QUEsTION: I. have heard a great deal 
lately about the Ultradyne, and as I 
still have a set of intermediate frequency 
transformers together with most of the 
other parts I once used in a nine-tube 
superheterodyne, I want to build a set 
using this circuit. Since coils for this 
receiver cannot be bought locally I would 
appreciate your giving me the specifica- 
tions for them as well as the circuit of 
the set. Will you kindly give me the 
necessary information as well as a com- 
plete diagram that will help me in 
wiring up? 

HENRY BAINBRIDGE. 


ANSWER: The circuit of this receiver is given 
in Figure 2 
You will need the following parts: 


RFT1—Intermediate frequency transformer, 
tuned input; 
RFT2, RFT3 and RFT4—Intermediate fre- 
quency transformers, untuned; 
VC1i—Variable condenser, .0005 mfd.; 
VC2—Variable condenser, .0005 mfd. vernier; 
C1—Condenser, fixed, .0005 mfd.; 
C2—Condenser, fixed, .006 mfd.; 
C3—Condenser, fixed, .002 mfd.; 
C4A—Condenser, fixed, .5 mfd.; 
GC—Condenser, grid, .00025 mfd.; 
GL—Grid-leak, 2 megohm; 
P—Potentiometer, 300 to 400 ohm: 


R—Rheostat, 2 ohm, 2 to 2.5 ampere ca 
pacity 

AFTI and AFT2—Audio-frequency trans- 
formers, first and second stage respectively; 

1 and J2—Double circuit jacks; 

1—Oscillator inductance (57 turns of No. 22 
DSC or DCC wire on a 3-inch tube tapped at 
28% turns); 

L2—150 to 300 mili-henry choke, small and 
connected close to plate; 

Loop—This should be made by winding 15 
or 16 turns of No. 18 wire (preferably stranded 
or fixture wire for mechanical reasons) on two 
slotted cross arms. The outside turn should be 
two feet square with turns spaced about 14-inch. 

The necessary battery voltages are indicated 
in the diagram. 

As the first tube has no plate voltage other 
than the alternating current voltage supplie 
by the oscillator, the oscillator must be operated 
so as to give a larger output than is usually nec- 
essary. You may find that the voltage of the 
first ‘‘B’’ battery block shown in the diagram 
will have to be as high as 90 volts. As this volt- 
age is also applied to the intermediate frequency 
amplifier, in this way considerably increasing 
the “B” battery drain, it may be advisable to 
connect the oscillator plate to the second block 
in order to secure the necessary voltage without 
increasing the amount applied to the interme- 
diate frequency amplifier. 

When an oscillator is operated at large out- 
puts there is considerable wave form distortion; 
that is, considerable energy is present at har- 
monic ‘frequencies. This is due to the tube 
characteristic. Consequently you may have 
trouble with harmonics from the oscillator as 
well as a few repeat points, particularly on local 
stations. This trouble may be minimized by 
using a larger tube of the semi-power type 
and by employing some negative bias on the 


grid. 
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The Use of a Loop or an 
Antenna Coupler 

QuesTION: I have just built one of 
the McLaughlin single control super- 
heterodynes. I have been unable to 
obtain one of the loops specified for this 
receiver. I have been using a Korach 
loop and the results have been very satis- 
factory, but I would like to dispense with 
loops altogether if possible and use my 
antenna. Can you suggest a means of 
doing this? 

ARTHUR WILLIAMS 


Answer: Although this can be done rather 
easily it is not altogether satisfactory and 
Should not be resorted to except when a loop 
cannot be used. The loop has the advantage of 
giving a higher signal to static ratio, directional 
properties, greater selectivity (due partly to the 
former) and of more nearly giving a straight- 
line-frequency curve over the portion of the con- 
denser that is used. This last characteristic is 
Important where single control is used, due to 
the fact that there has to be a constant fre- 
quency diffcrence between the oscillator and 
loop or input circuit. 

here an antenna coupler is used the 
curve deviates from that obtained with the 
loop due to the reaction of the antenna circuit 
on the secondary circuit through the coupling 
which must necessarily exist between the two. 
To minimize this effect and to improve se- 
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lectivity the coupling between the primary and 
secondary should be loose. 

To make an antenna coupler to use with this 
receiver sixty turns of number 20 DCC or DSC 
wire should be wound on a 3 or 3% inch com- 
position tube. Space an inch and wind eight 
turns of the same wire for the primary. The 
four binding posts for the primary and secondary 
can be mounted directly on the tube. To im- 
prove the looks of the unit it can be mounted 
in a small cabinet and the binding posts 
mounted on the panel. The two phone tips 
supplied with the “Imp” jacks should be sol- 
dered to two short leads and connected to the 
secondary of the coupler. l 

If the antenna is large it may be necessary 
to connect a .00025 fixed condenser in series 
with one of the primary leads. Where neces- 
sary the selectivity may also be improvéd by 
removing turns from the primary. 

To place the unit in operation connect the 
antenna and ground leads to the primary and 
the two leads from the loop jacks to the sec- 
ondary binding posts. This should be done 
while the lid of the set is open so the con- 
densers can be adjusted. Set the midget con- 
denser so that half of the rotor plates are en- 
gaged. Tune the receiver while using the head- 
phones until a station is heard. One of the 
set screws on the coupling connecting the two 
variable condensers should then be loosened 
and the oscillator condenser (the rear one) 
should be rotated slightly until the signal is 
loudest. The set-screw should then be tight- 
ened. The capacity variation which can be 
gotten through adjusting the midget condenser 
will compensate for anv frequency difference 
hetween the oscillator and the loop circuits. 


The Menace of the Radio “Press Notice” 


“Dreaded censorship will certainly come unless the broadcasters wake 
up to the realisation that only clean, wholesome material has any right 
in God’s air. National advertisers will learn that they are causing a feel- 
ing of antagonism only when they force their sales talk into the homes 
of the people.” 

—Dr. Lee De Forest 
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BROADCASTING AN OUT-DOOR CHURCH SERVICE 


Not only does the Reverend Microphone appear in the pulpit during divine worship held on 

on the grounds of the Cathedral of St. Peter and St. Paul in Washington, D. C., but ampli- 

fiers are employed (as shown above) for carrying words and music to the assembled multi- 
tudes which constitute but a tiny fraction of those who listen in. 


The BROADCAST LISTENER 


Comments on radio programs, methods and technique 
—from the point of view of the average fan 


By RAYMOND FRANCIS YATES 


The Squealing Receiver Is a 
Social Nuisance 


OUR international tests have been the subject 
of splendid newspaper articles; but the results 
have been far from satisfving. As a matter of 
fact, they have been so bad as to bring the whole 
thing pretty close to a downright fiasco. Each 
night a the appointed hour the air was found 
writhing like a mass of worm squeals and howls 
of every imaginable degree of frequency. To 
tune into a mess like that in hope of enmeshing 
a foreign wave was nothing but the shearest 
folly. Yet thousands upon thousands who, 
ordinarily could not get beyond the bounds of 
their state line, strained and struggled to catch 
one fleeting note of the foreign stations. It 
was all very sad and very disappointing. 

In our rash judgment of the thing, we must 


not overlook the loads and loads of real sport 
had by the Radio Boy Scouts. The distance- 
eaters were as happy as Elks at a carnival. So 
after all, the trans-Atlantic tests were not the 
dismal failure they might have been. 


In reviewing this trans-Atlantic test business, 
it is interesting to note that the only thing that 
prevented complete and glorious success was the 
presence of the squealing receivers. The car- 
rier waves of all of the British broadcasters were 
easily heard and it was only the wild shrieks 
of the unsatisfied tickler coils that made of the 
whole thing a somewhat grotesque display of 
the evil spirits of the air. 

Is there not some way of making the owner 
and user of a squealing receiver realize his obliga- 
tion to his fellow listener? Is there not some 
way of impressing him with the fact that he is a 
social nuisance? Then, too, we often wonder if 
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the manufacturers who supplied, such contrap- 
tions to the public in the early days, do not feel 
just a little sting of compunction? If Uney 
don’t, they should. 


+ + 


How To Listen In 


We came to thinking the other day that we 
had in a measure failed to fulfill our obligation 
to the hundreds of thousands of our faithful 
readers who mob the newsstands on the 20th of 
each month that they may share the wisdom of 
this philosopher. Here we have been whittling 
out these clever little items for over a year now 
and not once have we given the listening public 
the real inside dope on radio reception. It’sa 
pretty raw deal when you come to think it over; 
but we hasten to make amends; and now, for the 
first time, our faithful followers will be given 
ful instructions, which, if followed, will turn 
every evening at. the radio into a period of 
Alice- In-Wonderland pleasure. 

In giving out these secrets of reception, we are 
naturally assuming that you are that type of 
body who would much rather listen to a: har- 


Paderewski at distance of 2,500 miles. Some 
very dear friends of ours would, strange as it 
may seem, much rather listen to a harmonica 
solo at a distance of 2,500 miles than to listen to 
Paderewski at a distance one mile. That, of 
course, is one of the great mistakes of listening 
in and we want to warn you against it right 
now. The real secret of radio broadcast recep- 
tion is to keep in your own back yard as far as 
possible. 

And what is the second great secret of perfect 
reception? Perhaps we shouldn't tell you, but 
we feel that we owe it to posterity and once 
you convince yourself that you owe anything 
to posterity, you ought really to give it u The 
second great secret of perfect reception (leaning 
of the throat) is the simple matter of planning 
your own program from the material listed at 
the several nearby stations that supply your 
nightly entertainment. If you will cultivate the 
habit of reading the programs with a No. 2 read- 
ing glass and if you put your ear right down close 
to the page of the newspaper, you will be able to 
detect the best items on each bill. The mere 
application of a red pencil finishes the job and 
then you are ready to sit down and enjoy a pro- 
gram that you have in a measure planned your- 
self. As a practical example of this scheme we 
are having printed below a copy of a New York 
program. The features bearing the X were 
marked at the beginning of the evening. They 
afforded us not only variety but practically unin- 
terrupted entertainment: 


NEW YORK 
492—WEAF—610. 


6:45-7:45 A. M.—Setting-up exercises. 
7:45 A. M.—Morning prayer service. 
10:45 A. M.—Home service talk. 
11:05 A. M.—Anna Frevola, piano; talk. 
11:30 A. M.—Columbia Univerity lecture. 
12:00 M.— Market and weather reports. 
2:30 P. M.—Government Club meeting; Mrs. 


George Owens, President. 
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4:30 P. M.—B. Gorden, tenor; talk. 
5:00-6:00 P. M.— Ritz- Carlton Orchestra. 
x6:00 P. M.—Waldorf-Astoria dinner music. 
7:00 P. M.—Columbia University lecture. 
x7:20 P. M.—Iris Torn, piano. 
7:30 P. M.—‘Lullaby Lady”; songs. 
8-00 P. M.—‘‘Pop Concert.” 
x8:30 P. M.—‘‘Coal Miners’ Trio.” 
x8:45 P. M.—Talk, “Louis Pasteur.” 
9:00 P. M.—Gypsy Entertainers. 
10:00 P. M.—‘'Norma.’ 
x11:00-12:00 P. M.—Bernie’s Orchestra. 
455—WJZ—660. 
1:00 P. M.—Park Lane Orchestra. 
2:00 P. M.—News. 
3:30-4:30 P. M. —Helpful talks. 
4:32 P. M.—Sherry’s Trio. 
5:32 P. M.—Market closings and summary. 
x7:00 P. M.—Commodore dinner concert. 
7:55 P. M.—Talk, John B. Kennedy. 
8:00 P. M.—Arion Male Chorus. 
x9:00 P. M.—F. F. French dinner: Hadley’s 


Philharmonic Orchestra; Fred F. French, 
speaker; Mary Garden, soloist. 


- 10:30 P. M.—Waldorf- Astoria Orchestra. 
monica solo from a local station than to listen to - 


316—WGBS—950. 


10:00-11:00 A. M.—Timely talks; music. 
1:30 P. M.—Scripture reading. 


Kadel & Herbert 


THE FIRST RADIOPHONE BOOTH ON 
A GERMAN EXPRESS TRAIN 


Uninterrupted telephone service while you travel 

along at a rate of sixty miles an hour is the latest 

convenience which is offered to travellers on the 
Berlin-Hamburg express in Germany. 
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M.—Interview, Helen MacKellar. 
. M.—-Piano duets; songs. 
. M.—Interview, William Harrigan. 


. M.— Virgil Forrest, piano; Adele Her- 
n, recitations; Women Voter’s hour. 


M.—Uncle Geebee. l l 
M.—Royal Balalaika Orchestra. 
M.—Bankers’ Association talk. 
M .—Premier Club Orchestra. 


341—W MCA—880. 


M.—Vail’s String Ensemble. 

. M.—Golden's Orchestra. 

M .—Karnival Kings. 

M.— Terminal musicale. 
M.—Christian Science lecture. . 
M.— Messner Quintet. - 
M.—Barclay musicale. 
M.—Manhattan Serenaders. 
M.—Frivolity Orchestra. 


259—WRNY—160. 
.—Piano; songs. 


.M —Studio- recital talks. 
. M.—Studio recital. 


. M.—Biography sports; commerce. 


M .—Songs; entertainers. . 
M.—Studio recital; talks. 

M.— Piano recital; poems. 
. M.—Ferrucci’s Orchestra. 


Brown Brothers 


- Temperament in The Studios 


THE stories of the temperamental displays of 
some of our radio artists (and others) are all but 
incredible. Some of them match the classical 
example of Mme. Blank who, falling in swocn 
near the wings at the Metropolitan, required 


`. that an attendant be present with a large ard 


effervescent schooner of beer. Madame absc- 
lutely:and flatly refused to-go through this par- 
ticular opera unless she was permitted to take on 


_ liquid refreshment at this particular moment. 


Something. that comes pretty close to this 
high record of. subnormal tommyrot occurred 
some time ago at WEAF. A young lady who had 
evidently made a very close study of tempera- 
ment and who fett that she could duplicate the 
performance of the best of them, decided, at the 
last moment, that she could not sing unless she 
was standing squarely upon .a piece of sheet 
metal about half the size of a box cardoor. Nct 
being much of a metallurgist, she left the choice 


-= of the metal to the house, but it had to be about 


half the size of.a°box car door. Now, setting 
out to find .a piece of metal -about half the size 
ofa boxcar door, with one minute to work in is no 
easy job. ‘It happened on this occasion-that such 
a piece of metal was found in the control room. 
It was not exactly half the size of a box car 
door so the studio boys really put one over on 


MEN WHO MAKE RADIO 


This picture, which shows perhaps the most distinguished body of radio experts ever assem- 
bled in one group, was taken especially for POPULAR RADIO at the Convention of the Institu- 
tute of Radio Engineers which was re cently held in New York. Reading from left to right, 

this picture shows Messrs. W. H. Hubley, F. C. Conrad, J. V. L. Hogan, C. W. Horn, 

D. McNicholl, A. H. Grebe, J. H. Dellinger, J. H. Morecroft, A. N. Goldsmith, G. W. 

Pickard, R. H. Marriott and E. F. W. Alexanderson. 
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Henry Miller 


STATION .JOAK.WELCOMES A PRINCESS WITH A BRASS BAND 


The sound of saxophone and clarinet broadcast from the radio station in Tokyo by the band 
of the Toyama Military Academy recently announced to the waiting people of Japan that a 
CONG HET = amas fa a 'son—had been born to their Crown Princess. 


the young lady. She weht neve gone - into 
hysterics had she known that she had sung on a 
piece of metal that was not exactly half the size 
of a box car door. 

There is another story told about one of 


Roxy’s pianists who insisted that the studio 


femperature be exactly 70 degrees and that he 
should be screened off from the rest of the gang 
while doing his stuff. 

Still, that is not so bad when one recalls that 
even Paderewski carries'‘on tour a woman who is 
purported to be the only laundress. who can 
starch his cuffs to right degree of hardness. 


* * + 


$25,000 for One Radio Performance 


: Jr was rumored a fèw weeks ago that the great 

fiddler Mr. Fritz Kreisler had asked for $25,000 
for a single radio performance. That Mr. 
Kreisler should ask such a large sum for so small 
‘an effort is none of this department’s business and 
consequently we shall refrain from expressing our 
private opinion in the matter. - 

We often wonder how long it will be before our 
musical artists will, like the literary aspirants 
who storm the editors of the Saturday Evening 
Post, be eager and happy to perform for nothing. 


q 


` ing of an ‘artist. 
, public - tecognizes as genius, must be present. 

_Once a musician masters his`art he must intro- 
‘ duce himself to the world. 


aed 


There are but two important factors in the mak- 
. Genius, or at least what the 


What greater oppor- 
tunity for lasting and quick introduction could 
one ask for compared with the radio? . What 


. other medium with one maj estic sweep can please 


the ears of a whole nation in.an insignificant 
fifteen minutes of time? Within a few years’ 


time the concert tour will become a waste of 


time and effort; radio will find its own geniuses, 
train them and introduce them. Those haughty 
virtuosi of the present—the younger of them— 
may some day be on the waiting list of our 
second-grade studios. 

Radio must simply bide its time. The activi- 
ties of many thousands of ambitious home 
tinkers to say nothing of work of dozens of 
hinky-dinky manufacturers of radio receivers 
has kept radio from being a real serious rival 
of the concert stage. Eighty percent of the 
receivers in use today are just about ona par with 
the early American phonograph with the morning 
glory horn. Before radio can dominate in 
music it must do justice to the work of those who 
entertain. And when it does?—well here’s a 
little prayer for the Fritz Kreislers! 


In the next number will appear the first announcement of the 
PopuLaR Rapiro MEDAL FOR CONSPICUOUS SERVICE. 
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PRACTICAL fiat from experimenters and broadcast listeners. 
ellow fan? Readers are invited to address their letters to the editor of this Department. 


your 
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What helpful hints can YOU offer to 


CONDUCTED By LLOYD JACQUET 


How I Marked My Battery 
Terminals 


INSTEAD of the usual color scheme of wiring, 
I have devised a simple and inexpczsive way of 
marking the battery terminals of a radio set. 

First, it is necéssary to obtain from a sta- 
tionery store some metal-edge cardboard tags, 
either of the round or square variety. The 
round ones are about one inch in diameter. 

Then print on both sides of the tags, with india 
ink, the various indications, such as “A” BATT; 
“B” BATT; GND; ANT; and any others which 
may be required. 

A hole should be punched below these mark- 
ings, in line with the top hole which is already 
provided. This lower hole should be so located 
that it will not obliterate the printing. 

As soon as the ink is dry, the tags should be 
thoroughly shellacked, so as to be moisture and 


METAL RIMMED TAB 


A MARKER FOR BATTERY WIRES 
FIGURE 1: How the small metal-rimmed tab is 
slipped over your battery terminals. This will help 

to prevent costly errors in wiring. 


acid-proof. One coat of shellac will be suffi 
cient; and it will dry very quickly. 

Then, the wires which have been previously cut 
to the correct length for the various connections 
should be passed through the two holes of the 
tag as shown in Figure 1. The tags should be 
retained at the ends from which changes in con- 
nections will be made. For instance, they 
should be placed at the very end of the battery 
wires, so that they may be handy when batteries 
are changed. 

— PETER STEVENS, Brooklyn, N. Y. 


* * * 


How a Community Radio 
Service Is Maintained 


IN this community there is only one receiving 
set. This is in charge of a competent radio 
operator, who is somewhat of an artist as well. 
He has installed a powerful radio receiving set 
of his own construction, in which some 20 
vacuum tubes are utilized. 

By means of a master wire, which is a No. 9 
galvanized iron wire running over fences, trees 
and buildings, and under a sewer, the railroad 
right of way and bridges, to every section of 
our hilly little city, this receiver serves about 200 
homes. 

None of the ‘‘subscribers’’ to this service have 
any receiving set, batteries, or horns. The only 
attachment is a unit which may be placed on 
the phonograph tone arm, and which connects 
to the line and to the ground. This is the only 
equipment necessary at the home of any listener 
in. 

We have no tuning to do; and we get our = 
grams entirely without interruption. The best 
programs and the finest stations from coast to 
coast are tuned in by our operator, who knows 
what to listen for, and gives us the best. 
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The service is continuous from 8 A.M. till 
` late in the evening. hen special events are 
broadcast, such as baseball games, operas, presi- 
dential speeches or Sunday services, all we need 
to do is to listen, for it will have been tuned in 
for us on the instant. 

There is a slight initial installation charge and 
a monthly fee which is also small in comparison 
with the service given. The city council has 
passed the idea. Although we welcome new- 
comers on the air, there are very few of them, 
because this service is satisfactory. We have no 
squeals or noises; and the radtation nuisance is 
automatically taken care of. With all the mess 
and care of radio taken out, we find that it is an 
ideal way to listen in. 

We believe that this community is the first 
one in the country to work out this idea, 
which is beyond an experiment at the present 
Stage. 

—JEssE Suimp, Mannington, W. Va. 


+ + * 


How I Am Able to Use Either Dry- 
Cell or Storage Batteries with 
My Neutrodyne Receiver 


Wiru the idea of making my neutrodyne re- . 


ceiver a semi-portable proposition during the 
summer months, I installed dry-cell tubes in it in 
place of the standard tubes which operate on 
storage batteries. 

This did not work well, mainly because the 
internal capacity of the small dry-cell tubes is 
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less than that of the standard type of tube. As 
the tubes make up a part of the neutralizing 
circuit, this circuit is unbalanced as soon as the 
tube capacity becomes smaller or greater. 

To take care of this change in capacity I con- 
verted my neutralizing condensers, which are of 
the usual construction, into semi-variable ones, 
which are so conceived that it is easy to shift 
from dry-cell to storage battery operation and 
vice versa in an instant. 

To accomplish this the proper point for the 
setting of the movable rod (shown in Figure 2) 
which slides into the glass tube is first found for 


. both types of tubes, and marked. Then, the end 


of the rod is bent upward and the point nicked so 
that it may be automatically set by a spring when 
it is withdrawn. In this way the conversion of 
the neutralizing condenser for dry-cell or storage 


_ battery tubes is simply done. 


As more capacity will have to be added to the 


- circuit when storage tubes are used and as less 


will be needed for the dry-cell type, the rod is 

correspondingly pressed all the way in, or driven 

all the way out to the stopping point. 
—MORTIMER TREADWELL, New York 


How to Check Your Wavelength 


AMATEURS who would like to check-up 
the wavelengths of their sets with which they use 
more than one antenna or in which they hook in 
or out several coils or condensers will find an 
innovation of the Bureau of Standards useful to 
them. The Bureau’s announcement (given below) 


- tells how the wavelength check-up is conducted: 


HOW ONE FAN MARKED HIS NEUTRALIZING CONDENSERS 


FIGURE 2: 


This picture shows the movable rod about to be slipped from the proper position 


for the storag’ battery tubes. as denoted by the letter S, over to the correct position for the 
neutralization of dry-cell tubes, as denoted by the letter D. 


384 


“The Bureau of Standards transmits, twice 
a month, radio signals of definitely announced 
frequencies, for use by the public in standardiz- 
ing wavemeters and transmitting and receiving 
apparatus. The signals are transmitted from 
the Bureau’s station, WWV, at Washington, 
D. C., and from station 6XBM, Stanford Uni- 
versity, California. 

“The transmissions are by unmodulated con- 
tinuous-wave telegraphy. A complete fre- 
quency transmission includes a ‘general call,’ a 
‘standard frequency signal,’ and ‘announce- 
ments.’ The ‘general call’ is given at the be- 
ginning of the 8-minute period and continues 
for about 2 minutes. This includes a state- 
ment of the frequency. The ‘standard fre- 
quency signal’ is a series of very long dashes 
with the call letters (WWV or 6XBM) inter- 
vening. This signal continues for about 4 
minutes. The ‘announcements’ are on the same 
frequency as the ‘standard frequency signal’ 
just transmitted and contain a statement of 
the measured frequency. An announcement of 
the next frequency to be transmitted is then 
given. There is then a 4-minute interval while 
the transmitting set is adjusted for the next 
i ate 

he schedule of standard frequency signals 
may be obtained from both the Bureau of Stand- 

ards and Stanford Univeristy. 
—James Busu, Washington, D. C. 


* + * 


How the Position of Loudspeakers 
Affects Reception 


By properly locating my loudspeaker I suc- 
ceeded in greatly improving the quality of 
reception. 

At first, I used a horn type of speaker. By 
locating this instrument in such a way that the 
opening of the horn was at about the same 
height as the ear of the auditor, noticeably 
better results were had than if it is was placed 
ona high piece of furniture above his head. 

Similarly, I have obtained better results by 
placing my horn in one of the corners of the 
room, rather than with its back to one of the 
walls. If the wall opposite the horn was covered 
with drapery, the tones were softened. If the 
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horn was not properly placed in a big room, 
echoes which marred the quality resulted. 
The cone type of loud speaker may be used 
anywhere, and in any position. I found it best, 
however, to place it in front of a wall covered 
with drapery. 
—LAWRENCE NEALS, Dayton, O. 
$ 8 * 


How a Swedish Amateur Built 


His Radio Receiver 

It will probably interest my fellow readers of 
this department to see how a Swedish amateur 
built his set. In the picture (Figure 3) is 
shown a back view of a receiver which I con- 
structed from one of the ‘‘How to Build” articles 
published in Poputar Rapio for April, 1924. 

With a few exceptions, the parts of the re- 
ceiver, such as the condensers, rheostats, sockets, 
binding posts, coils and so forth are all home- 
made. The tubes were purchased, of course. 
The radio-frequency stage is equipped with a 
UV-201-a, while the detector and audio stages 
have Phillips a-310 tubes. 

With this receiver I have heard most of the 
broadcasting stations in Europe; and it has been 
a welcome successor to my former, a whistling, 
single-circuit receiver. Unfortunately, this lat- 
ter is the most popular type of set here at the 
present time. 

Needless to say, we watch with interest the 
progress of American amateurs, who are well 
equipped with parts and apparatus, and who 
have the best magazines published. 

—K. A. Svensson, Vigge, Juntland, Sweden 


What the L-C 26 Receiver 
Brought In 


THE reference in the February issue of Popvu- 
LAR RapIo to the results which were obtained in 
different sections of the country with the LC-26 
Receiver has prompted me to express to you my 
great satisfaction in the results which I have 
obtained with this receiver which I built shortly 
after the publication of the article. 

I have been able to receive with loudspeaker 
volume nearly all of the principal broadcasting 
stations in the country, including Pacific Coast 


A “POPULAR RADIO” RECEIVER BUILT BY A SWEDISH AMATEUR 


FIGURE 3: 


Although this radio experimenter had to build most of the parts for this receiver 


he got the results he wanted. Itis the Craig receiver, the details of which were published in the 
April, 1924, issue of this magazine. 
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LONG WAVE RECEIVER 


THE DOUBLE RECEPTION SYSTEM 
FIGURE 4: This stereoscopic receiving system is designed to operate on short-wave and long- 
wave signals transmitted by the same station with one receiver especially designed to bring in 
the high notes and the other one designed to bring in the low notes. 


Stations. On one occasion, the experience was 
so unusual that I believe it is worthy of special 
mention. 

_ From two to three o'clock, daytime, I tuned 
in with loudspeaker volume thirteen stations, 
including Davenport and Omaha, and WJZ, 
New York. This represents real daylight DX 
for this receiver for this location. 

It has been possible for me to tune in the set- 
ting up exercises of WLW in the morning. 
held Mexico City during an entire evening with 
loudspeaker volume. It is a pleasure to operate 
such a set as the LC-26. 

—Lepoy H. HABENIcpT, Kershaw, S. C. 
+ * * 


Have You Ever Tried Stereoscopic 
Reception? 


EVERYONE is familiar with the stereoscope, the 
device by means of which two similar photo- 
graphs which have been taken simultaneously, 
but at a different angle, are made to give one the 
illusion of relief. | 

In a similar way a broadcast listener may 
obtain the idea of tones and overtones as though 
he were sitting in the auditorium itself by means 
of what I call stereoscopic reception. 

Two loudspeakers are connected to two re- 
ceiving sets which are tuned to a station which is 
broadcasting one program, on two different 
wavelengths. There are several stations which 
are doing this todav, such as KDKA and WGY. 

Jne of the receivers is tuned to the long wave 
while the other set is receiving the short wave 
which is simultaneously broadcast. By placing 
the two loudspeakers in one room, about five to 


six feet apart, and with both cones or horns 
facing a spot which is equally distant from each 
an unusual result will be experienced by the 
listener, who should be at the spot where the 
lines from the loudspeakers converge, as shown 
in Figure 4. 

By designing the radio sets so that one of them 
will bring in the low wave lengths with good low 
notes, and so that the long wave set will specially 
amplify the high notes, the entire scale will be 
Koi and practically perfect reproduction wiil 
result. 

° —Jack Haury, Brooklyn, N. Y. 
* 


It’s Easy to Simplify Your 
Panel Arrangement 


As the general trend is towards simplifica- 
tion, I decided to simplify the front panel of my 
radio receiver by eliminating some of the controls. 

The first ones to.go were the rheostats. I did 
not do away with rheostats altogether; but by 
removing them from the panel and placing them 
behind the panel on a conveniently located strip, 
I removed three controls from the front of the 
panel. 

The rheostats, when they are once adjusted, 
need not be regulated for a long period of time; 
and if a trickle charger is used, it will hardly be 
necessary to change the settings even over a 
period of months. 

With the straight-line frequency converters 
which are equipped with fine verniers, I retained 
my old variable condensers, but did away with 
the smaller vernier control knobs. 

—PauL Marton, Cleveland, O. 
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THis department is conducted by Poputar Rapio Laporatory for the purpose of keeping the 
radio experimenter and the broadcast listener informed concerning the newest inventions and the 


approved developments in radio equipment. 


Only such apparatus as has been tested and 


endorsed by the Laboratory is noted in these columns. 


Apparatus Approved by Popular Radio 


This list of apparatus approved by the PopuLAR RADIO LABORATORY 

will be continued as a part of the WHAT’S NEW IN RADIO AP- 

PARATUS department until all instruments, parts and complete 

sets have been included. The listing is alphabetical by manufacturer's 

name and the installment in this issue includes only the letters 
F through G. 


AERIALS 
Antenella; Chas. Freshman Co., Inc. 


AUDIO-FREQUENCY TRANSFORMERS 


Federal transformer; Federal i vee Mfg. Corp. 
Supertron A. F. transformer; Ford Mica Co. 
Audio-frequency transformer; Gereral Radio Co. 
Audio-frequency transformer; Gilfillan Bros., Inc. 


BATTERIES 


Ray-O-Vac * B” and ‘'C"’ batteries; 
arbon ; 


French Battery & 


BATTERY CHARGERS AND RECTIFIERS 


> 
Balkite trickle charger; Fansteel Products Co., Ing 
Fore battery charger; Fore Electrical Mfg. Co. 
Unitron battery charger; Forest Electric Co. 

“FF” battery charger; France Mfg. Co. 

France super-charger; France Mig: Co. 

Tungar battery charger; General Electric Co. 
“Unippwer"; Gould Storage Battery Co. . 


BATTERY ELIMINATORS 


Fansteel Balkite “B” plate current supply; Fansteel 
Products Co., Inc. 

Freshman Master *‘B" eliminator; Chas. Freshman Co., 
nc. 


BINDING POSTS 


G-K spring binding post; Ganio-Kramer Co., Inc. 
Binding posts; General Radio Co. 
Jack binding post; Globe Phone Mfg. Co. 


CRYSTAL DETECTORS 


Vartotector; Foote Radio Co. 

Giant crystal; Foote Radio Co. 

Adjustable crystal detector; Chas. Freshman Co., Inc. 
Fixed reflex detector; Grewol Mfg. Co. 

Grewol 2 in 1 crystal; Grewol Mfg. Co. 


DIALS 


Dial; Chas. Freshman Co., Inc. 
Knobs and dials; General Radio Co. 
Knobs and dials; Gilfillan Bros., Inc. 
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Gee-Haw vernier dial; Otte R. Gischow Co., Inc. 
Fynur vernier control; August Goertz & Co., Inc. 


FIXED CONDENSERS 


Micadenser; Ben Franklin Radio Mfg. Co. 
Fixed condenser; Chas. Freshman Co., Inc. 


GRID-LEAKS AND RESISTANCES 
Fixed grid-leak; Chas. Freshman Co., Inc. 


HEADPHONES 


Frost Fones; Herbert H. Frost, Inc. 
Globe phones; Globe Phone Mfg. Co. 
“N & K” phones; Goldschmidt Corp. 


INSULATORS 


Porcelain; stand-off, and glass insulators; M. M. Fleron 
Son, Inc. 


Insulators; General Radio Co. 


JACKS 


Federal jacks; Federal Telephone Mfg. Corp. 
Frost Pan-Tab jack; Herbert H. Frost, Inc. 


KITS 


Freshman tuned-radio-frequency kit; Chas. Freshman 
., Inc. 


LIGHTNING ARRESTORS > 


Refillable lightning arrestor; M. M. Fleron & Son, Inc. 
Gray lighining arrestor; Gray Products, Inc. 


LOOPS 


Hand-D-Tena; Frost Radio S amg Mitt 
Efiarsee portable antennae; Fishwick Radio Co. 


LOUDSPEAKERS 


Farrand-Godley speaker; Farrand Mfg. Co., Inc. 

Fibertone horn and base; Fiber Products Co. : 

“Town crier’ loudspeaker; Gale Radio Laboratories 

“N & K” imported loudspeaker; Th. Goldschmidt Corp. 

“G. G. H. Majestic’ loudspeaker; Grigsby-Grunow- 
Hinds Co. 


Digitized by Google 


WHAT'S NEW IN RADIO APPARATUS 


MISCELLANEOUS ACCESSORIES 


Reddy Hot soldering kit; E. D. Fahlberg Mfg. Co. 

Fahnestock antenna connector; Fahnestock Electric Co. 

Fahnestock ground clamp; Fahnestock Electric Co. 

Fahnestock clips; Fahnestock Electric Co. 

Scldercake; C. de P. Field Co. __ 

**Perfecto”’ soldering fluid; John Firth 

Fleming jiffy connector unit; Fleming Mfg. Co. 

Vernier adjuster; M. M. Fleron & Son, Inc. 

Lead-in bushing; M. M. Fleron & Son, Inc. 

Loudspeaker extension unit; Four Way Co. 

**Fits-all'’ head cushion; Francisco Mfg. Co. 

Radio aerial mast fillings; Freidag Mfg. Co. 

Frost radio jac-box; Herbert H. Frost, Inc. 

Frost ground clamp; Herbert H. Frost, Inc. 

Frost radio protector; Herbert H. Frost, Inc. 

Frost extension cord; Herbert H. Frost, Inc. 

Kant-Blo signals; Ganio-Kramer Co., Inc. 

Filter; General Radio Co. 

Giant ground clamp; Giant Clamp Works. 

Battery mais, spaghetti tubing, hard rubber tube, radio- 
phone ear cushion; B. F. Goodrich Rubber Co. 


PANELS 


Fibroc bakelite panel; Fibroc Insulation Co. 
Electrosote radio panel; M. M. Fleron & Son, Inc. 


Formica panels; Formica Insulation Co. 
Hard rubber radio panel; B. F. Goodrich Rubber Co. 


PHONE PLUGS 


Federal plug; Federal Telephone Mfg. Corp. 

**4-Way" switch plug; Four Way Co. 

Frost plug and jack; Herbert H. Frost, Inc. 

Frost plugs: Herbert H. Frost, Inc. 

Comsco automatic ‘Bull Dog Grip” plug; General In- 
strument Corp. 


PHONOGRAPH ATTACHMENTS 
“N & K” phonograph unit; Th. Goldschmidt Corp. 


POTENTIOMETERS 
Potentiometer; Gilfillan Bros., Inc. 


POWER AMPLIFIERS 
Power amplifier; General Radio Co. 


RADIO-FREQUENCY TRANSFORMERS 


ws liga transformer No. 301; Farrand Mfg. Co., 
nc. 
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Federal transformer; Federal Telephone Mfg. Corp. 
*‘Gen-Win"' tuned air-core transformer; General Radio 
Winding Co. 


RECEIVING SETS 


Faraway radio sets; Faraway Radio Co. 
Federal receivers; Federal Telephone Mfg. Corp. 
Ferguson “Six” and “Eight” receivers; J. B. P PEER 


Inc. 
Flash vest pocket radio; Flash Radio Corp. 
Freed-Eiseman neutrodyne receiver; "Prceã-Eiseman 
Radio Corp. 
Freed-Eiseman NR-6 receiver; Freed-Eiseman Radio 


rp. 
Masterpiece receivers; Chas. Freshman Co., Inc. 
‘‘Garod” broadcast receivers; Garod Corp. 
eee portable receiver; General j CeO Radio 


rp. . 
Gilfillan neutrodyne; Gilfillan Bros., Inc. 
Gold Medal receiver; Gold Medal! Radio Corp. 
Pliodyne receivers; Golden-Leutz, Inc. 
Grebe broadcast receiver; A. H. Grebe & Co., Inc. 
Nightingale Six Speaker set; Guthrie Co. 
American Crest receiver; Guthrie Co. 
Hansel receivers; Guthrie Co. 


RHEOSTATS 


Rheostat; Framingham Co. 

Frost tube control unit; Herbert H. Frost, Inc. 
Frost bakelite rheostat; Herbert H. Frost, Inc. 
Frost metal frame rheostat; Herbert H. Frost, Inc. 
Rheostat; General Instrument Corp. 

Rheostats; General Radio Co. 

Rheostat; Gilfillan Bros., Inc. 


SOCKETS AND ADAPTERS 


Federal socket; Federal Telephone Mfg. Corp. 
Porcelain socket; M. M. Fleron & Son, Inc. 
Phonograph adapter; M. M. Fleron & Son, Inc. 
Frost sockets; Herbert H. Frost, Inc. 

Frost adapter; Herbert H. Frost, Inc. 

General Radio sockets; General Radio Co. 
Sockets and adapters; Gilfillan Bros., Inc. 

V.T. socket; B. F. Goodrich Rubber Co. 


SWITCHES 


Anti-capacity switch; Federal Pelephone Mfg. Corp. 
Frost radio battery switch; Herbert H. Frost, Inc. 
Frost bakelite toggle switch; Herbert H. Frost, Inc. 
Panel switches; General Radio Co. 


A VARIABLE RATIO VERNIER DIAL 


Name of instrument: SLF tuning dial. 
Description: This dial is. designed to operate 
with an ordinary  straight-line-capacity 
condenser for obtaining straight-line-fre- 
quency tuning. It accomplishes the same 
results as using a straight-line-frequency 
condenser with an ordinary dial. The 
condenser shait is fastened to a plate in 
which 1s cut a straight slot which engages 
a ball bearing operating in a spiral cam 
slot mounted directly on the moving part 
of the dial. Throughout the first lower 
settings of the dial, the condenser revolves 
much slower than the dial itself, but this 
ratio of movement of the condenser and 
the dial increases until at the upper set- 
tings of the dial the condenser is moving 
at an increased rate. The rate of change 
of capacity with dial setting is of course 
correct for producing straight-line-fre- 
quency tuning when used in connection 
with the proper coil and condenser. 
Usage: In any radio-frequency circuit for con- 
trolling the tuning apparatus. 
Outstanding features: Converts old sets to the 
new style of tuning. Equipped with space 


for writing in station call letters directly 
on the moving dial. 
(Further details furnished on request) 
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Switch; Gilfillan Bros., Inc. 
Double-pole, double-throw switch; Globe Phone Mfg. 


Single-pole, double-throw switch; Globe Phone Mfg. Co. 


TESTING INSTRUMENTS 


No. 1 hydrometer set; Francis L. Freas Glass Works 

Clearview hydrometer set; Francis L. Freas Glass Works 

Radio “B” hydrometer set; Francis L. Freas Glass 
Works. 

Battery tester; Francis L. Freas Glass Works. 

Laboratory instruments; General Radio Co. 

Ammeter; General Radio 

Wavemeter: General Radio Co. 


TOOLS AND EQUIPMENT 
Franklin coil winder; Franklin Coil Winder 
Windham wire former; Goyer Co. 


TUBES 


Mazgic-Tron Vacuum tube, t; pe 201-4; F. & C. Corp. 
Gem 201-a tube; Gem Tube 
Gold Seal tubes: Gold Seal’ Products Co. 


TUNING INDUCTANCE UNITS ; 


nA "o 


Variocoupler; Federal Telephone Mfg. Corp. - 


Ferbend wave-trap; Ferbend Electric Co 
Fischer coupler; G. H. Fischer & Co. 
Variometer; G. H. Fischer & Co. 

Coast coil: Foote Radio Co. 

Heliotor (toroid coil)» Geo. A. Freeburg Co. 


Boia piece coil and condenser; Chas. Freshman Co., 


Var omelai General Radio Co. 
Variocoupler; General Radio Co. 
Low-loss coils; General Radio Co. 
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“Gen-Win” low-loss tuner; General Radio Winding Co 
“Gen-Win"’ vartometer, variocoupler, reflex coil, Master 
punine coil, neutor fiex cotl; General Radio Winding 


**Gen-Wrn" Cockaday unit; General Radio Winding Co. 
Variocoupler; Gilfillan Bros., Inc. 

Variometer; Gilfillan Bros., Inc. 

Globe low-loss tuner; Globe Radio Equip. Co. 
Short-Ware tuner; L K: Goodman 

Variometer forms: B F. Goodrich Rubber Co. 

Grebe clarifier; A `H. Grebe & Co., Inc. 


VARIABLE CONDENSERS 


L ariable condenser; Federal Telephone Mfg. Corp. 
Craftsman condenser: Fett & Kimmel. 

Variable condenser; Chas. Freshman Co., Inc. 

Furnell taper coil condenser. Furnell Mfg. ri 
“Continental” vernier condenser; Gardiner & Hepburn 

nc. 
~ "“Unitrol” condenser; Gardiner & Hepburn, Inc. 

Separator; Gardiner & Hepburn, Inc." 

Garod straightline condenser; Garod Co 

Allen-dial vernier: General Eng. & Model Works. i 

Concentric S. L. F. condenser ;- eneral Instrument Corp. 

Multiple condenser; General Instrument Corp. ` 

Tandem condenser; Genéral Radio Co. ; 

General Rea. Straight- line wavelength condenser; Gen- 
eral Radio C 

Air condenser: Gilfillan Bros., Inc. , ° 

Vari-grid; Grewal Mfg, Co. 

ayo -loss"’ variable condenser; B. rosser Sons Co., 

nc. 


WIRE 


Ree: aso. wire, metal ‘shielded; Herbert H. Frost, 
nc 


Henry Miller 


RADIO SETS FOR COMMUNICATING UNDERGROUND 
While miners pursue their work far beneath the earth’s surface, radto apparatus such as 
this is employed to maintain constant communication with the outside world. ` The ap- 
paratus shown here is employed by the Bureau of Mines in tests which aim to perfect this 
type of communication. 
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IN THE EXPERIMENTER’S LABORATORY 


CONDUCTED BY LAURENCE M. CocKaDAy 


“More About the McLaughlin 
Superheterodyne’ i 


One of the questions most frequently-asked in -capacity of the midget condenser. 
regard to the single-control superheterodyne _ 


receiver (described in the October issue of 


PopuLAR Rapio) is “Do I absolutely have to`` 


use the D.T.W. loop with my single-control?”’: 

Yes, it is absolutely necessary to use the 
D.T.W. loop with this set. This is so because 
of the balance which should exist between 
the oscillator and the first detector circuit 
(frequency-changer). 

The inductance of this particular loop, with 
its distributed capacity, has a fundamental equal 
to the oscillator coil with approximately half the 
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If another 
make of loop} is substituted, this balance is 
destroyed, thus forfeiting all ‘possibility of the 
complete synchronization of the tunable circuits. 


- Differently designed loops possess distinct and 


varying electrical characteristics. 

he Litzendraht (high-frequency cable) has 
not proven satisfactory in coil design due to the 
breaking of strands generally caused by undue 
haste in production. In the face of this, it is 
noteworthy that when two loops of the same 
physical dimensions and electrical characteristics, 
one the D.T.W. loop (using Litzendraht), the 


A REAR VIEW OF THE SET WHICH SHOWS THE ADDITIONS 


FIGURE 1: 
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This picture shows the location of the added switch and condenser which must be 
used on a tapped loop for reception on lower wavelengths. 
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other wound with ordinary loop wire, were 
successively connected to the identical receiver, 
the D.T. loop produced a_ considerable 
increase in signal strength over that of the other 
loop. Laboratory tests are now being con- 
ducted to ascertain what percentage of increase 
the D.T.W. loop accomplishes over that of the 
loop using the so-called loop wire. This in- 
crease proves itself on reception from both local 
and distant stations. 

Many persons deplore the fact that the set will 
not tune below 250 meters and write to ask 
whether or not they have made some mistake 
in construction or whether the design was 
intentional in this respect. The guiding motive 
in the design of this receiver was to perfect an 
instrument which would receive good broadcast- 
ing and accomplish realistic reproduction. 

To every individual who listens to a class A 
station one will find a hundred or more who will 
choose a class B station when they want an 
honest-to-goodness program. Be it under- 
stood, however, that poor reception below 250 
“meters is not always due to poor transmitting 
equipment or to unwisely selected programs, but 
is generally. caused by the congestion which exists 
in this frequency range and by harmonics of 
stations operating at lower frequencies whose 
fundamentals are twice or three times that of the 
stations whose programs are being received. 

A loop receiver can be made to function more 
efficiently over the class B range than over the 
two ranges together. In this set the loop used 
has considerably more inductance than common 

ractice permits. A loop that has higher 
inductance exposes more area to incoming 
oscillations, which results in more current being 
collected by the loop, t.e., greater signal strength. 
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But in cutting down the turns of the loop or 
inductance, we will reach those lower wave- 
length stations which we do not want after we 
have them. In other words, we sacrifice recep- 
tion on the lower wavelengths for better receptio” 
on the higher ones. 

Inasmuch as we have intimated that it would 
be far better not to listen to broadcasting on the 
lower wavelengths, we feel sure that there will 
be many fans who will go exploring. To them 
the following information is offered: 

If the tuning condenser across the loop is 
connected across but half the loop the tuning 
range on this circuit would be changed. So in 
the oscillating circuit; if we connect the tuning 
condenser across half the coil, its tuning range 
will also be changed. This change is of the same 
value as the change in the loop circuit. If such 
is the case, then in order to get to our lower 
wavelength stations, we need only to change the 
positions of our condensers electrically. 

This is shown in Figures 1 and 2. 

A Yaxle’ ~‘o. 60 or a Carter No. 6 panel- 
switch is ne.cssary. This may be mounted on 
the panel as 1s shown in Figure 3. The function 
of this switch is to change the position of both 
condensers across either half the coil and loop or 
across all the coil and loop. When the switch is 
turned one way the tuning range of the set will be 
from 175 meters to approximately 500 meters, 
and when the switch is thrown in the reverse 
position it will be from 250 meters up to approxi- 
mately 700 meters. The insertion of this switch 
in the circuit will by no means impair the general 
efficiency of the set. 

An easy way to obtain higher amplification and 
better selectivity on distant stations is to add 
regeneration to the first detector. This may be 
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IN THE EXPERIMENTER’S LABORATORY 391 
THE WIRING DIAGRAM FOR THE COMPLETE McLAUGHLIN 
SINGLE-CONTROL SUPERHETERODYNE 
-FIURE 2: The changes in the electrical circuit which must be made in adding the tapped 
loop and the vernier condensers and the way in which the “C” battery and the filter unit for 
the loudspeaker should be included are shown here. 
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effected by connecting one side of a small midget 
condenser to the plate terminal of the detector 
tube, and the other side to the lower terminal of 
the loop. 

Figure 2 shows just how this may be accom- 
plished. Condenser M2 must be disconnected 
from the circuit in order to obtain the most 
satisfactory results. When the best position for 
this condenser has been found, it should be un- 
disturbed by further adjustments. Changing 
this will slightly vary the balance between the 
oscillator and loop circuits. 

Many have inquired as to the proper way of 
coupling the first detector to the oscillator. One 
complete turn, in either direction, is looped 
around the oscillator coil, nezr the end of the 
windings, with a piece of flexible wire of any con- 
venient size between 20 and 16. 

Distortion may be noticed on especially loud 
stations because the 201-a type tubes, in the audio 
Stages, are not large enough to properly amplify 
the energy received. In order to remedy this 
condition the UX-112 Radiotron may be used in 
the last audio stage and the No. 112 Amperite 
inserted in the negative filament lead to properly 
control the filament temperature. 

When using the UX-112 tube, slight changes 
will be necessary in the filament wiring, and in 
the “C” and “B” battery voltages: such changes 
hefng clearly illustrated in Figure 2. The small 
“C” battery must be taken out of the set and 
two flexible wires, approximately 12 inches long 
or more, must be connected to the terminals 
which previously connected the “C” battery. 
These connections will go to an external “C” 
bettery consisting of three of the larger type 
“C” batteries connected in serics. 

To distinguish correct polarity it is advisable 


to connect a knot in the positive “C” battery 
lead as shown 1n Figure 4. 

Practically no results will be had in reception 
unless the receiver is properly balanced. Con- 
sequently it is highly desirable to have an intelli- 
gent comprehension of the oscillator and fre- 
quency-changer circuits. 

The function of these contained circuits is to 
change the incoming signal to a lower frequency, 
at which frequency it is amplified. The fre- 
quency to beamplified, in general practice, is the 
difference between the frequency of the broad- 
casting station and that of the oscillator. So to 
have a one-control superheterodyne, the tuning 
circuit of the frequency changing tube (first 
detector) and that of the oscillator must be so 
designed as to produce a constant difference in 
frequency at any setting of the controlling 
mechanism. 

In this arrangement, when both the variable 
condensers are disconnected from the circuit, the 
design 1s such that the LC values of both circuits 
approximate each other. That is, the induct- 
ance (L) and distributed capacity (C) of the loop 
equals the inductance (L) and distributed 
capacity, plus half the capacity of the midget 
condenser (C). l 

When the condensers are again connected to 
the circuit and set at exactly the same capacity 
on the controlling mechanism, there should be 
exact resonance between the two circuits, from 
the minimum to the maximum range. Now,in 
order to obtain the desired frequency difference 
between the two circuits, the capacity of the 
midget condenser is increased which auto- 
matically lowers the frequency of the oscillator 
circuit. 

There is a general opinion that meters on the 
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panel of a radio receiver are in no-wise necessary 
to intelligent operation; but that they are 
employed merely as mechanical embellishments 
to give an appearance of intricacy. The opinion 
is erroneous. 

A slight increase above normal filament volt- 
age, which increase may be detected only by a 
voltmeter, will produce a rapid deterioration of 
tube life. Going further, there is always a 
particular filament voltage for each receiver, 
which likewise can be determined only by the 
use of voltmeters or lucky guesses. Guesses 
may be relied upon if they have sufficed in the 
past. Voltmeters are accurate indicators. While 
the voltmeter detects an overloading of the fila- 
ment, the milliammeter detects an overloading 
of the grid-plate circuits. 

To obtain reception void of distortion the 
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needle of the milliammeter should not vary from 
its normal settings. An overloading of one or 
more tubes may thus be detected by a fluctua- 
tion in plate-current of the milliammeter. To 
obtain satisfactory reception, watch your 
meters. 

= When high plate voltage is used, it is desirable 
to keep the Be current out of the loudspeaker 
windings by using a good make of output trans- 
former, or an arrangement, illustrated in Figure 2 
which consists of a 100 henry choke-coil anda 1 
microfarad by-pass condenser. : 

It would be useless to build such a receiver as 
described and then connect it to an inferior loud- 
speaker. | 

The owner of such a receiver, or any good make 
of receiver for that matter, should use a cone- 
type of speaker. 
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THE NEW APPEARANCE OF THE RECEIVER 


FIGURE 3: Instead of the usual two terminals to the loop there are three now; and they ter- 

minate in small panel jacks on the set. An extra switch has been installed for changing the 

connections to the loop circuit. These are the only changes which are noticeable from the 
front of the receiver. 


IN THE EXPERIMENTER’'S LABORATORY | 
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A VIEW OF THE SET WITH THE CABINET REMOVED 


FIGURE 4: The “C” batteries which are connected with the flexible leads have been added to ac- 
complish a saving in total “B” battery drain and also to improve quality on strong signals. 


How to Increase the Life of 
Your “B” Batteries 


In almost any type of multi-tube receiver, 
which uses dry-cell “B” batteries for the high- 
voltage plate supply, considerable saving can be 
made by adjusting the filament rheostats or “B” 
battery voltage to provide only the needed 
sensitivity and volume. 

A superheterodyne receiver, for instance, 
usually places a heavy drain on the “B” bat- 
teries, and of course provides great sensitivity 
and volume. However, when it is desired to 
tune in local stations there is no need for this 
great sensitivity and it is usually necessary to 
cut down volume by means of the potentiometer 
which controls the grid potential of the inter- 
mediate amplifier, or by cutting down the cur- 
rent supply to one or more of the tube fila- 
ments. ; 

When volume reduction is accomplished by 
turning the potentiometer back from the oscil- 
lating point, the “B” battery consumption is 
greatly increased; therefore to cut down vol- 
ume in this manner may increase “B” battery 
current as much as 25 percent. This is cer- 
tainly not a logical procedure. To cut down 
volume by. reducing the filament current is much 
more logical because this also reduces the drain 
on the “B” batteries, although not in propor- 
tion to the reduced signal strength. Moreover, 
it 1s necessary to cut the filament current to at 
least four of the tubes if any noticeable saving 
in “B” battery current is to be effected. 

In the majority of cases the most advan- 
tageous way to cut down the “B” battery con- 
sumption is to reduce the voltage supplied to the 
plates of the amplifier tubes, especially the in- 
termediate-frequency amplifier tubes. Actual 
measurements taken on one superheterodvne 
receiver show astonishing prolongation of “B” 
battery life resulting from reducing the detec- 


tor and intermediate-frequency amplifier, plate 
voltages by 224 volts. This particular re- 
ceiver was designed to use 45 volts on the two 
detectors, 6714 volts on the four intermediate- 
amplifier tubes, and 90 volts on the two audio 
tubes. When used with 224 volts on the de- 
tectors and 45 volts on the intermediate- 
frequency amplifier tubes, still retaining 90 volts 
on the audio-amplifier tubes, the “B” battery 
current consumption dropped to 74 percent of 
the original drain, which means that the life 
of “heavy duty” “B” batteries would be more 
than twice as great as when the original volt- 
ages were used. 

In receivers of this type a “C” battery is 
usually used in connection with the audio am- 
plifer, and for that reason the battery drain is 
comparatively small and little would be gained 
by reducing the plate voltage on the audio- 
amplifier tubes. 

For long-distance reception results are not as 
good with the reduced voltage as with the 
original voltages. On local and semi-distant 
reception, however, results may be found better 
with the lower voltages because the volume of 
the output is reduced to more suitable propor- 
tions without the usual necessity for toning the 
receiver down, as is usually the case with local 
reception with superheterodyne receivers. Be- 
cause of the somewhat decreased sensitivity 
when the lower voltages are used, the receiver 
is less noisy; it picks up less of the stray elec- 
trical disturbance in the neighborhood. 

To put this plan into operation the “B—” 
leads from the receiver should be connected to 
lower taps on the “T.” battery as shown in Fig- 
ure 5. Try moving one lead at a time. to a 
point 2214 volts lower on the batterv. It is best 
to do this while a fairly powerful local station 
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is tuned in so that the effect on local reception 
can best be judged. During these tests it is 
well to keep the potentiometer adjusted fairly 
close up to the point of oscillation. 

—S. Gornon TAYLOR 


A Glossary of Practical Electrical 
Units 
By William Feawick 


AMPERE, (am‘pér). The unit of current. It is defined as 
the unvarying current which will deposit silver at the 
rate of 0.001118 gram per second when it is passed 
through a solution of silver nitrate of standard specifica- 
tions. 

AMpPERE-Hour (am'pér our). A unit of quantity. The 
amount of electricity transferred by a current of 1 
ampere in 1 hour =3600 coulombs. 

AmpERE-Hovurs PER KILOGRAM (am 'pér ours per kil’o- 

m). The ratio of the ampere-hour capacity of a 
storage battery to the weight of its plates expressed in 
kilograms. i , 

AMPERE-TURN (am’pér tdrn.) A unit of magnetomotive- 
force). The magnetomotive-force exerted by a current 
of 1 ampere flowing through 1 turn. 

CouLoms (ct-lém’). The quantity of electricity trans- 
ferred in 1 second by a current of 1 ampere. 

COULOMB PER CENTIMETRE (cu-lém’ per cén’ti-mé’’-ter). 
The unit of electric displacement. 

FarRabD (far’&d). ; 
a condenser charged to a potential o 
of electricity. l f 

GILBERT (Milbert). The cgs unit of mangetomotive- 
force =0.7958 ampere-turns. ; 

GILBERT PER CENTIMETRE (@il’bert per céin’ti-mé’’-ter). 


The unit of magnetising force. 

Henry (hén-ry). The unit of inductance. The induct- 
ance in which a variation of current at the rate of 1 
ampere per second produces a counter electromotive- 
force of 1 volt. 


The unit of capacity. The capacity of 
1 volt by 1 coulomb 
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Horsepower (hérs’pow-er). A unit of work or power, 
equal to 746 watts. 

JouLe (joul). The unit of electrical energy. The ener.y 
expended in 1 second by a current flow of 1 ampere at 
an electrical pressure of 1 volt. 

MAXWELL (maiks’-wél). The unit of magnetic flux. 
MAXWELL PER SQUARE CENTIMETRE (miks’-w€l per skwar 
cén’-ti-mé”-ter). The unit of magnetic inductance. 
MHO (mô). The unit of conductance. It is defined a 
the facility for current flow offered by a circuit of ! 

ohm resistance. 

OERSTED (6’ersted). The unit of magnetic reluctance. 
The reluctance offered when 1 gilbert micromicrofarad 
produces 1 maxwell. 

Oum (6m). The unit of resistance, represented by the 
resistance offered to an unvarying current by a column 
of mercury 14.4521 grams in weight. of a constant 
cross-sectional area, of 106.3 centimetres in length, 
and of a temperature equal to that of melting ice. 

Vort (volt). e unit of electromotive-force (electric 
pressure). It is defined as the electromotive-force which 
produces a current of 1 ampere when it is steadily ap- 
plied to a conductor whose resistance is 1 ohm. 

VOLTS PER CENTIMETRE (volts per c&én’ti-mé’’ter). The 
unit of electrostatic field intensity. 

Watt (wat). The unit of work or power. It is defined 
as the expenditure of energy at-the rate of 1 joule per 
second. 

Watt-Hour (wat our). A unit of the quantity of electric- 
ity =1 ampere-hour = 3600 coulombs. 

As practically all of the units given above may be pre- 
fixed to indicate that they are multiplied by 10, 100, 1000 
and so forth, or that they are divided by 10, 100 or 1000. 
the following prefixes are given. Column 1 gives their 
names; column 2 contains their abbreviations, and column 
3 furnishes their meaning. 


pico or micromicro HHM one million millionth 
micro p one millionth 

milli m one thousandth 
centi c one hundredth 

deci d one tenth 

deka dk ten 

hekto h one hundred 

kilo k one thousand 

mega M one million 


HOW TO OBTAIN GREATER ECONOMY IN 
SUPERHETERODYNE OPERATION 


FIGURE 58: 
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accomplished without in any way re 


It is possible to effect a great sa 
the plate voltages of superheterodyne receivers. ( 
ducing the efficiency of the receiver. 


ving in “B” battery consumption by reducing 


In many cases such a reduction can be 
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CONDUCTED BY WILLIAM G. H. FINCH 


Tus department will keep you in touch with the latest inventions of interest on 
which patent rights have been granted, and which are significant contributions to 
radio art. 


A New Variable Condenser for 
Short Wave Circuits 


A NOVEL idea for a variable condenser which 
is especially adaptable for high frequency or 
short wave radio circuits is described in Patent 
No. 1,557,725, which was issued to John A. 
Proctor of Lexington, Mass. 

The ideas contained in this invention are 
applicable to variable electrical condensers in 
general, and especially to the high potential 
condensers, which are used in radio transmitters 
and in power factor lines. However, the claims 
of the invention rest more particularly upon 
a variable condenser of-the enclosed casing type 
which has preferably a vacuum dielectric and 
which is provided with means for varying the 
condenser capacity by relative movements of the 
condenser conductors or armatures of opposite 
polarity. The condenser may be constructed so 
as to be suitable for use at any desired voltage. 

In condensers of the sheet or jar type now in 
use, the electrical losses where high voltages are 
employed are comparatively great. This results 
in a loss of efficiency and also in the over-heating 
and ultimate disintegration of the condenser, 
especially if it is not properly made. This 
heating is partly due to losses in. the dielectric 
which apparently arise from dielectric hysteresis 
or frictionally impeded movements of the atoms 
of the dielectric because of electric flux through 
the latter, and partly because of brush or corona 
discharges in the medium surrounding this type 
of condenser. 

An object of the present invention is to provide 
a condenser construction in which losses are at a 
minimum. In particular, the invention com- 
prises a variable condenser in which the principal 
dielectric preferably is a vacuum. 

ea this condenser comprises a suitable 
casing, bulb or tube in which is mounted a con- 
denser made up of spaced metallic plates. The 
air is exhausted from the casing to form be- 
tween the plates a vacuum dielectric in which 
there is no appreciable loss in use due to gas 
ionization or to dielectric hysteresis. Finally, 
there are means, operable from the exterior of 


the casing, by which relative movement of the 
interior condenser conductors may be effected. 
The invention is shown, in perspective, in 


Fi 1. 

The condenser contains spaced and fixed metal 
plates mounted upon and electrically connected 
to metal rods. These plates are spaced from 
each other by any suitable means. The rods are 
in turn secured to metal end plates. 

Movable metal plates are fixed at spaced 
distances on a metal shaft and in such a position 
as to alternate with the fixed plates. The 
shaft is journaled in insulators which are fixed in 
the end plates to insulate the two sets of plates 
from each other. 

The upper portions of the end plates are cut 
away in order that the movable plates may be 
sufficiently spaced from them. This allows a 


wider range of capacity variation, as plates in 


the position shown will have very little capacity 
effect. 

Two springs made of strips of metal are con- 
nected to the end plates and engage the side walls 


of the enclosing air-tight glass bulb or casing. 


In this way the condenser is yieldingly sup- 
ported against any longitudinal movement which 
might injure the casing. This casing may be a 
bulb or tube as shown and it should preferably be 
of glass or some other non-magnetic material. 

There are several features of this condenser 
which may be pointed out as particularly novel. 
(The numerals mentioned correspond to those 
which mark the parts in Figure 1.). One 
terminal (that for the fixed plates, 25) is a con- 
ductor, 36, which extends through and is sealed 
in the casing, 32a. The terminal is thus con- 
nected to one of the two metal springs, 32, which 
is connected to the metal plates, 28, which, in 
turn, are electrically connected to the fixed 
plate, 25. . 

The other terminal of the condenser (that for 
the movable plates, 29) is a conductor, 38, 
which extends through and is sealed in the casing, 
32a. This terminal is then connected to a 
spiral conducting coil, 37, which is connected to 
one end of the metal shaft, 30. This connection 
is of flexible wire to allow the free rotation of 
shaft, 30, which carries the movable conductors. 
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The parts of the terminals, 36, and 38, which 
extend through the casing, 32a, and are fixedly 
sealed there should be of platinum when the 
casing 1s of glass. Thus these terminal leads are 
independent of the capacity-varying means 
which are now to be described. 

The left end of the shaft, 30, terminates in a 
magnet, 39, which is made of some suitable 
magnetic material such as iron, steel or nickel, 
and which is supported in a spaced relation to the 
end of the tube, 32a. This magnet has poles 40 
and 41. The encased condenser is supported 
in any suitable manner on the base, 42. 

A horseshoe magnet, 43, is located outside the 
casing, 32a, is journaled in the support, 42, at 
44 and is provided with an actuating knob, 45. 
This magnet embraces the’ end of “thé non- 
magnetic casing, 32a, which is adjacent to the 
exterior magnet, 39. 
rotated, this rotation will be communicated 
magnetically to the variable condenser through 
the co-acting interior magnet, 39. 

In this way means are provided for varying 
the capacity of the condenser without any danger 
of impairing the high degree of vacuum neces- 
sary or, in any instance, without the necessity of 
extending a mechanically moving part through 
the casing, 32a. 

Either of the magnets may have a soft iron or 
nickel armature, if this is desired. 

The movable plates, 29, are unbalanced on 
their shaft, 30, and tend (when their axis, 30, is 
horizontal, as shown) to hang down under the 
influence of gravity in a position 180 degrees 
from that shown in the drawing. Therefore, 
the capacity of this condenser may be varied 
by rotating the casing, 32a (and consequently the 
fixed plates, 25) around the longitudinal axis of 


As the magnet, 43, is- 
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the casing. The movable plates will hang down 
by gravity and will remain stationary. 

Thus the capacity of the condenser may be 
varied with or without the operation of a magnetic 
field, by a rotation of the entire casing, 32a, in 
its supports; and each ofthe relatively movable 
conductors may be moved with respect to the 
other. 

The order of vacuum or exhaustion which 
exists in a condenser which contains a dielectric 
such as the one described above should be ex- 
tremely high so that no appreciable gas ioniza- 
tion may take place to cause losses while the con- 
denser is in operation. This condition may be 
obtained, for example, by a pressure of the 
order of a millionth of a millimeter. Exhaustion 
of this order may be obtained by any well-known 


. means such as a Gaede or molecular pump or by 


Langmuir’s condensation pymp. 

All of the materials inside of the casing, whena 
vacuum dielectric is employed, should be treated 
to remove gases (occluded or otherwise) accord- 
ing to any of the well-known processes in use for 
the production of high vacuum apparatus. This 
treatment may consist, for example, in removing 
gases from these materials before they are 
assembled in the casing. 

In addition, it is advisable to subject the con- 
tained materials, after they are assembled in the 
casing, to further treatment to remove any 
residual gases. This final treatment may con- 
sist of a bombardment of the materials from a 
heated filament which is temporarily located 
within the casing. a 

The gases may best be removed in the first 
treatment by the use of the Northrup high fre- 
quency electrical furnace. If this method is 


used, the entire condenser is placed in the field 
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A NEW VARIABLE CONDENSER OF UNUSUAL DESIGN 


FIGURE 1: 


This diagram shows how the condenser is rotated by means of the magnetic 
attraction between the large rotatable member and the small pole pieces. 


This method of 


operation makes it possible to mount the moving parts of the condenser completely within 
a vacuum tube. 


WITH THE INVENTORS 


of a coil carrying a high frequency current, 
while it is undergoing the process of exhaustion. 
This heats the metal parts inside the condenser 
casing, and thus drives off all gases which may 
bein them before the casing is completely ex- 
hausted and sealed off. 

The materials used in these vacuum condensers 
should be of such a nature that the gases may be 
easily removed by the two processes described 
above. Nickel, tungsten, molybdenum or rolled 
steel should be used wherever possible in the con- 
struction of the condensers. 

In the way described above, a condenser in 
which the plates 1 and 2 are spaced a centimeter 
apart, may be constructed to stand a million 
volts. In such a condenser and with a vacuum 
dielectric of the order specified, the total loss is 

ractically zero as it is limited to the minute 
Joea losses in the metal plates and leads, and 
to the minute losses in the dielectric surrounding 
the terminals and in the supporting dielectric 
material. ae 

The most important aspect of this invention 1s 
that part of its construction and arrangement 
which involves the variation of the condenscr 
capacity by means of relative movements of the 
conducting plates inside of the casing where they 
are separated from one another by any suitable 
dielectric. Another particularly important aspect 
of the invention when a vacuum is employed, as 
the dielectric, or when the relatively movable 
conductors are wholly supported and enclosed 
within the casing, 1s the provision of a means for 
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A SECTIONAL FRONT VIEW 


Ficure 3: This view of the self-inductance de- 
scribed, shows how the wires roll on and off of 
the roller cores. 


BUUU 


T 


Oi 


Y GOGGUR GGG GUR 


a IA eN A A K A As 
a ae AN AN) 
E YNV V yY 


NS 
~ NG 
T 
t 
LUU, 


A 


Y VILL LLL 


A SECTION OF THE SELF-INDUCTANCE 


FiGuRE 2: This diagram shows how the convolu- 
tions of the coil wind about the three roller cores of 
this new variable self-inductance. 


causing relative movements of the conducting 
plates which does not affect the vacuum seal or 
the enclosure of the casing. | 

Sixteen claims were allowed to Mr. Proctor on 
this novel and ingenious invention. 


A New Variable Self-Inductance 


A VARIABLE self-induction apparatus, which is 
simple in operation and in construction, is de- 
scribed in Patent No. 1,555,509, which was 
issued to Yves Marrec of London. 

In this invention an electrical conductor, 
which may be a wire or flat metal strip, is fastened 
at the middle of its length to a winding element 


which is referred to, in the description, as the 


middle winding element. The two ends of the 
wire or strip arc adapted to be simultaneously 
wound on two other winding elements, which are 
referred to as the end winding elements. 

In an arrangement of this sort, the length of 


' the conductor which is coiled on the middle 


winding element has practically no self-induction, 
as it ig a non-inductive winding, the magnetic 
fluxes of which, being ‘opposite, neutralize one 
another. On the other hand, the two separate 
lengths of single conductor which are coiled on 
the end winding elements constitute a coil in 
which the self-induction varies with the length 
of the conductor wound on these elements. 

It is evident that by varying the amount 
wound on the several winding elements, the self- 
induction of the conductor may be varied con- 
tinuously from practically nothing, when almost 
the whole of the wire is wound on the middle 
winding clement, to a maximum when the wire 
is entirely unwound from it. 

The conductor should usually have a round, 
square or rectangular cross-section and it should 
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A NEW CONE-TYPE LOUDSPEAKER 


FiGuRE 4: The constructional details of De Forest's 

new cone-type loudspeaker which may be used in 

connection with an electrical sound receiving ap- 
paratus such as a telephone receiver. 


be wound so as to form helices, in which the diam- 
eter and pitch and therefore the self-induction 
will depend on the shape and size of the winding 
elements. In this case, the winding elements 
should be provided with grooves which have been 
adapted to receive the conductor. The conductor 
may, however, be flat, and wound so as to form 
spirals. 

The drums which constitute the end winding 
elements may be of magnetic material, so as to 
constitute magnetic cores. These cores may be 
independent. 

The faces of the casing in which the spindles of 
the winding elements are pivoted may also be of 
magnetic material. If they are, they will form 
a closed magnetic circuit with the cores. 

Figure 2 shows a section of the variable self- 
induction apparatus described in this patent. 
Figure 3 shows a sectional front view. 

The form of the apparatus which is shown has 
a case, which may be of any suitable non- 
conducting material and three drums, which are 


carried in bearings. The spindle on which the. 


middle drum is carried is extended, as shown in 
the diagram and an adjusting knob is fitted upon 
it (the knob is not shown). - 

The strips are made from thin silk; and each 
c-rries the conductor on.one side and a more or 
loss coarse woven mesh on the other side. 
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The conductors may be of metal foil, in which 
case they are bound and stitched at the edges as 
shown. However they. may be made from 
sprayed metal, metallic paint or other materials. 

There are two strips which are both pinned to 
the central drum and to the end drums. The 
non-conducting part of the strip may be con- 
tinuous and may be carried under an anchoring 
wire on the middle drum. 

The two end drums are hollow and contain 
springs which keep the strips in tension and 
unwind them from the middle drum when this is 
turned in the reverse direction. 

The spindles of the end drums carry terminals 
by means of which a potential difference is 
applied to the coatings. 


A Cone-type Loudspeaker on a 
New Principle | 


Dr. LEE De Forest, the eminent radio pio- 
neer, was recently granted patents No. 1,554,794 
and No. 1,552,914 for a cone type of loud- 
speaker. 

Among loudspeaking devices are those in 
which the sound is led from its source into a 
second horn or cone of tightly stretched paper, 
thin leather or other non-metallic material for 
transmitting sound waves. Several such horns 
are being used, in connection with phonographs, 
in which the phonograph needle is located at 
the apex of the cone. 

It 1s one of the special purposes of Dr. De 
Forest’s invention to provide a loudspeaking 
device that uses this type of diaphragm or cone 
but which operates on a different principle and 
therefore is made available for use in connection 
with an electrical sound receiving apparatus— 
such, for example, as a telephone receiver. 

Dr. De Forest employs a cone structure shown 
in Figure 4. It consists. essentially of a spider, 
poe with a comparatively heavy rim, 

etween parts of which is clamped a non-metallic 
diaphragm such as parchment, paper or thin 
leather. This diaphragm is stretched prefer- 
ably in the shape of a cone. It may be main- 
tained in a taut position in any suitable manner, 
for example, by means of a rod terminating at 
one end in a spider which supports a ring se 
cured to it, which engages it one-half or. one- 
third of the distance from the apex of the cone 
to the periphery. The rod is provided with 
screw threads at the opposite end which engage 
a nut positioned inside of the hub of the spider. 

It will be seen that by varying the position of 
the nut which is on the threaded portion of the 
rod the tension imparted to the diaphragm may 
be varied, thus permitting an easy manner of 
maintaining the diaphragm taut under all 
conditions of temperature or atmosphere. 

The apex of the conical diaphragm is provided 
with a needle point that projects through the 
diaphragm. This. needle point is placed 
in contact with the diaphragm of an ordinary 
telephone receiver: .It will be seen that the 
vibrations imparted to the diaphragm of the 
telephone receiver are sent -directly to the conical 
diaphragm. In this way, the.sound, in a greatly 
amplified condition, is reproduced in an undis- 
torted non-metallic manner. i 
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All Grebe apparatus 
iscovered by patents 
granted and pending. 


All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY 


PAGES WITH 


THE avalanche of letters and questionnaires 
that have descended upon the Editor as the re- 
sult of his appeal (published in this depart- 
ment of the February number) for opinions 
on the relative merits of the various editorial 
features that appear in PoruLtarR Rapio have 
given incontrovertible evidence of the extraor- 
dinary personal interest that our readers take 
in the magazine. 

* * * 


WHILE the personal contact between read- 
ers and members of the staff of POPULAR 
Rapio have always been many, never before 
have such a large number written in at one 
time to give us the benetit of their suggestions 
and opinions. The staff is still struggling to 
handle the correspondence that has, during the 
past few weeks, literally piled into the sanctum. 

* * * 


Boru the questionnaires as well as the letters 
that accompanied them are of very great value 
indeed in determining the plans and policies of 
PorvLaR Rapio. ‘lor it is obvious that the 
more closely in touch with the readers the 
editors can get, the better can the editors learn 
the desires and needs of the readers—and con- 
sequently the more efficiently may the demands 
of the public be met. 


Photo by Clarence White 


THE DESIGNER OF THE POPULAR 
RADIO MEDAL FOR CONSPICUOUS. 
SERVICE 
Walter D. Teague, one of the foremost design- 
ers in America, was for two years president of 
the Artist's Guild and has twice been awarded 
the coveted medal by the Art Directors Club 
for decorative design. 


THE EDITOR 


To the hundreds of friends and critics who 
took the time and trouble to express their 
opinions, the gratitude of Porputar Rapio is 
here extended. That their efforts have not 
been made in vain will be demonstrated in a 
practical manner in the future issues of the 
magazine. 

* '* * 

BEGINNING, for example, with the very next 
number! 

x + &* * 

WitH the coming issue of PoruLar Rapio 
—the May number—this magazine will cele- 
brate its fourth birthday with a big special 
Anniversary Number. 

* * * 


THE happy occasion will be observed not 
only by an issue that will contain a much 
larger amount of reading matter and larger 
illustrations than have ever appeared in the 
magazine, but by a permanent increase in the 
page size from the present “standard” size (63; 
by 10 inches) to the “flat” size (8% by 11% 


inches). 
* * * 


THIS increase in the page size of POPULAR 
Rapio, aside from the opportunities it gives 
for reproducing the circuit and constructional 
diagrams and charts on a larger scale, also 
makes it possible to print the magazine on 
presses that print in colors. 

* * * 


BEGINNING with the May number, therefore, 
Popucar Rapio will be printed in colors. 
x * * 


THIS innovation will permit the reproduction 
of the more important constructional diagrams 
in blue-print form and the facsimile reproduc- 
tion in color of graphs—an improvement that 
will be appreciated particularly by the experi- 
menter who makes practical use of these es- 
sentially practical illustrations. 

* * * 


Wiru this issue the first formal announce- 
ment is made (on page 363) of the institution 
of the Popular Radio Medal for Conspicuous 
Service—a form of recognition to amateurs 
which PoruLar Rapio has long had in contem- 
plation and preparation. 

* * * 


THE enthusiastic response that POPULAR 
Rapio met when it first advanced the idea of 
instituting such a medal can be no better ev!- 
denced than in the character of the personnel 
of the Committee of Awards and of the Ad- 
visory Committee, which include some of the 
foremost men and women engaged in public 
service, in scientific work and in the radio art. 

x xk * 


READERS are not merely invited but urged to 
notify the Committee of Awards of anyone 
who, in their belief, is entitled to the recog- 
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Power Amplification 
--without “B” Batteries 


Dubilier Filter Condensers are used 
in the Laboratory Model of the new 
Power-Pack Amplifier, designed by 
Albert G. Craig, because of the 
unusually high voltages developed 
in this circuit. 

These condensers are especially 
designed for use in filter circuits. 
They will give permanent service at 
their rated working voltages and life- 
time satisfaction to those who use 
them as specified. 


For the filter'circuits in “B” ae wating Se 
battery eliminators use only Insist on getting Dubilier filter 


Dubilier Filter Condensers. condensers. If your dealer cannot 
supply you, write directly to us. 


Dubilier 


CONDENSER AND RADIO CORPORATION 


4377 Bronx Boulevard, New York, N. Y. 
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(Continued from page 4) 


nition that the award of the Popular Radio 
Medal for Conspicuous Service will confer. 
* * * 


“Having read the latest issue of POPULAR 
Rapio from cover to cover, I have come to the 
conclusion that simple language is used 
throughout, and that all of the articles are 
written so clearly that a person who doesn’t 
know a thing about radio can readily under- 
stand them. ... Popurtar Rapio is certainly 
one of the outstanding radio publications of the 
present time.” 

—WittiamM D. Sape, Brooklyn, N. Y. 
; * * * 


WHo among our readers have observed the 
effect of radio reception on wild animals? Nu- 
merous experiments have been made on animals 
in captivity with conclusive results, but here 
is a letter from a reader who 1s an experienced 
deer hunter and who suggests a unique use of 
radio as a lure for wild game: 


From a photo made for POPULAR RADIO 


“ds a reader of Poputar Rapio | world like 
to advise my huntsmen friends, through your 
mayasine—particularly those who go deer hunt- 
ing every season—to instruct their guides to 
set up radio receiving sets in their favorite 
hunting grounds once or twice a week, and to 
tune in during the night. They may be sur- 
prised to learn that every season the male decr 
(with three-inch horns) will follow these radio 
concerts, and will leave other districts for miles 
and miles around. 

FREDERICK W. KERTEL, 
liunter in the Adirondacks. 

“P. S. It is not against the law to coax the 
game away from other districts.” 


ea 


Editor, Porputar RADIO 


TESTING THE ACCURACY OF THE WAVELENGTH SCALE 
ON A READY-MADE RECEIVER 


Intensive experimental work in the POPULAR RADIO LABORATORY furnishes the material for 
many of the series of articles which are published in the magazine under the title “How to 


Get the Most Out of Your Ready-made Receiver.” 


Here Mr. Taylor is engaged in obtaining 


data on the Ferguson set which will appear in the next number—for May. 


' 
' 
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Keepinc your “B” batteries full of pep, 
without frequent renewals, is simply a matter 
of using the right size Evereadys for your 
particular set with a “C”  battery*. 

The rule which determines the right size 
“B” batteries to use is simple, and once learned 
definitely settles the question of “B” battery 
service and economy. 

On 1 to 3 tubes— Use Eveready No. 772. 

On 4 or more tubes— Use the Heavy 

Duty “B” Batteries, either No. 770, or 

the even longer-lived Eveready Layerbilt .. 

No. 486. 

On all but single tube sets — Use a 

“C” battery. 

When following these 
rules, No. 772, on 1 to 
3 tube sets, will last for 
a year or more; and 
Heavy Duties, on sets of 
4 or more tubes, for 8 
months or longer. 

These life figures are 
based on the established 
fact that the average year- 
round use of a set is 2 
hours a day. 

‘A pair of Eveready No. 
172’s for a 5-tube set in- 
Stead of 2 Eveready No. 


“Your radio is always top 


notch. What do you do 
to keep it so full of pep ?”’ 


Lert-No. 486, 
for 4, 5 or more 
tubes. 


Brant—Ever- 
eady Dry Cell 
Radio‘“‘A’’ Bat- 
tery,1% colts. 


770’s or 2 Eveready Layerbilts No. 486—looks 
at first glance like an economy because of lower 
first cost. But in a few months the 772’s will 
be exhausted and have to be replaced. After 
the same length of time the Eveready No 770’s 
or the Eveready Layerbilts No. 486 will still 
be good for many more months of service. 


We have prepared for your individual use 
a new booklet, “Choosing and Using the 
Right Radio Batteries,” which we will be 
glad to send you upon request. ‘This book- 
let also tells about the proper battery equip- 


ment for use with the new power tubes. 


*Nore: In addition to the in- 
creased life which an Eveready 
“C? Battery gives to your “B” 
batteries, it will add a quality of 
reception unobtainable without it. 


Manufactured and guarantced by 
NaTIONAL Carson Co., Inc. 


New York San Francisco 


Canadian National Carbon Co., 
Limited, Toronto, Ontario 


$5.50 


ay night means Evercady Hour 
P. M.. Eastern Standard Time, 
Be ire the following stations: 


WEAF—New York wsai-—Cincinnatt 
WJAR-Providence WEAR-Clicvelaond 
WEEI-Boaton wwJ-Detroit 
wTaG—Worcceater won—Chicago 
wFi-Philadelphie FOS AOE ly 
war-Bufalo wceco- { Minn. 
WCAE—Pittabur gh 8t. Paul 
Kep-8t. Louis 
~< < “~ 


Pacific Coast. Eveready Program 
KGO—San Francisco, 8 to 9 P. M. 
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_ Unconditionally Guar- 
a to be 


nator on the market, re- 
gardless of pricc. 


FERBEND “B’ ELIMINATOR 


Operates at a maximum efficiency 
at all times. Noiseless—no hum. 
Taps at 22?4—45— 90 volts. 


Maximum voltage, 100. (for 135 
volts, simply add a 45 volt “B’’ 
battery. ) 


A. C. model gives Fall Wave 
Rectification. Cost of operation 
less than 50c a year. Lasts in- 
definitely. 


All parts are specially designed 
and manufactured by us for this 
purpose only. 


Unconditionally Guaranteed 
to be equal or superior to any Elimina- 
tor on the market, regardless of price. 


Ferbend Electric Co. 

419 W. Superior St., Chicago 

O Send at once. Payment enclosed. 

O Send C. O. D. O Send Literature. 


O Send A.C. Model. O Send D.C. Model. 


Superior Results! 


Now you can get 


FERBEND permanent and effi- 


Daae ~en 


ave cient ‘‘B’’ current 
supply direct from 
Thie company also man- | your electric light 


amous 
Ferbend WAVE TRAP 


poi socket at a price 


scarcely higher 
than new ‘‘B’’ 
batteries. Ferbend 
has succeeded in 
combining results with first-cost econo- 
my, for your. benefit. Equip your set 
NOW with this wonderful new instru- 
ment and be convinced. 


Ask Your Dealer or Send Direct 


If you prefer, we will. make shipment 
direct to you upon receipt of price, or 
C.O.D. if desired. Remember, superior 


results are guaranteed or your money 
back. USE THE COUPON NOW! 


FERBEND ELECTRIC CO. 
419 W. Superior St., Chicago, IIL 


Terbend Maxmin 


ta ne 
It is the only original 
and genuine. 


| eens 
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Convert your receiver into 
A LIGHT SOCKET SET | 


with Balkite Radio Power Units 


Now you need wait no longer for a light socket set. Balkite Radio Power 
Units—the Balkite Trickle Charger and Balkite “B”—enable you to 
make a light socket set of your present receiver. 

The Balkite Trickle Charger converts your “A” Battery into an auto- 
matic “A” power unit that furnishes full “A” current from the light 
socket at all times. Balkite “B” replaces “B” batteries entirely and fur- 
nishes “B” current from the light socket. 

This popular light socket installation is extremely simple to install, 
economical both in initial cost and in operation, and will fit in practically 
all present battery compartments. It is composed entirely of units that 
have demonstrated their success over a long period of time. 


‘Noiseless—No bulbs—Permanent 


All Balkite Radio Power Units are permanent, entirely noiseless, have 
no bulbs, no moving parts, nothing to break or get out of order. Their cur- 
rent consumption is very low. All operate from 110-120 volt AC cur- 
rent, with models for 50, 60 and other cycles. All are tested and listed as 
standard by the Underwriters’ Laboratories. . . . At your dealer's. 


The Balkite Railway Signal Rectifier is now standard equip- 
ment on over 50 leading American and Canadian Railroads 


Balkite 
Radio Power Units 


MANUFACTURED BY FANSTEEL PRODUCTS COMPANY, INC., NORTH CHICAGO, ILLINOIS 
Sole Licensees in the United Kingdom: Messrs. Radio Accessories Ltd., 9-13 Hythe Rd., Willesden, London, N. W. 10 


ee 
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AmerTran Power 
Transformer 


Type PF-52 


AmerChoke. Type 854. 


o7 OR more than twenty-five years, the American Transformer 
Company has specialized in the manufacture of transformers. 
The transformers used by Marconi in his first trans-Atlantic tests 
in 1904 were made by this Company. 


Since that time the engineering staff has directed a large share of 
its resources toward the development of transformers for radio use. 


In 1921 the AmerTran Audio Transformer set a definite stand- 
ard of excellence in its field. 


The last five years have seen radio develop rapidly. Better tubes, 
broadcasting, and acoustical apparatus have brought these phases 
of reproduction nearer to perfection than ordinary transformer, 
impedance, or resistance audio amplification. 


Suliders 


——— 
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When the new AmerTran DeLuxe Audio Transformer was recently 
introduced it put the “audio side” ahead of broadcasting facilities and 
reproducing instruments. Faithful amplification with natural quality 
thus, has again established AmerTran as the mark of a “new stand- 
ardofexcellence.” Combined with the new tubes, cone speakers, and 
clear signals from the detector tube, the AmerTran DeLuxe will re- 
produce natural volume over the entire audible range. 


And now, as Radio Reception is further simplified and refined, 
the American Transformer Company offers a major contribution. 


The AmerTran Power Transformer and the AmerChoke make it 
possible and economical to use the new 7/4 volt power tubes in the 
last audio stage. The filament of this tube is lighted direct from this 
transformer. The Power Transformer also has a filament supply 
winding for the rectifying tube and supplies sufficient plate current, 
after rectification, for the operation of the entire receiving set. 


As the receiving set of the future is destined to be power oper- 
ated—the American Transformer Company offers the above appara- 
tus as units which in quality and design are best adapted for use 
in the type of audio amplifier required. | 


For use in building, experimenting and manufacturing these new 
AmerTran Radio Products assure dependability and satisfaction 
—and furnish the most advanced construction in practical radio. 


Writefor booklet entitled 
“Improving the audio 
Amplifier.” It contains 
valuable up-to-date in- 


AmerTran DeLux , 
Ast Stage .. . $10.00 


AmerTran DeLuxe 
2d Stage eee 10.00 


AmerTran AF-7 formation. 
(3-4-1) e e e e 5.00 DEALERS: The sale of Amer- 
Ame Te AF-6 en Tran Radio Products Ease of che 


Rockies is handled exclusively 
by the AmerTran Sales Com- 
pany, Inc., 178 Emmet Street, 


AmerTran Power 
Trans. PF-45 e 15.00 


AmerTran Power f Newark, N.J. Direct to dealer 
Trans. PF-52 . 18.00 À oe he cased sales policy. Some territories are 
wo or jir available for parts dealers and 

AmerChokeType 854 6.00 second. sta ges. REE ON, 


Sold only at Authorized AmerTran Dealers 


AMERICAN TRANSFORMER COMPANY 
178 Emmet Street, Newark, N. J. 


ens sas 
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CARTER 


All Metal “IMP” Rheostat 


(Pat. Pend.) 


All Resistances 


3 to 50 Ohms 


Half Size 
No matter what circuit you use, use 
a Carter “IMP” Rheostat. No 
moulded parts to crack or break; wire 
element clamped in place. Will not 
move. Silent, smooth operation. Poten- 
tiometer 200 or 400 Ohms; same 
size and construction. Price $1.25. 


Awe See them at your dealers. 
Write for illustrated folder. 
In Canada—Carter Radio Co., Limited, Toronto 
ir SN ES SS ae 


m Get into the great new BIG-Pay Industry—Radio. If 
mm you are earning a penny less than $50 a week, clip 
mm coupon now. Send for AMAZING 
$ FREE BOOK. Be a Radio Expert, 
sm and draw down big money for the 
m™ easiest and most fascinating work in 
m the world. Positions everywhere. 
m Need for Radio Experts in every 
om community. Short hours. BIG 
m PAY. Free book gives all the [ry charges for 
$ facts. consultation, 


Learn Quickly and Easily pg gee 
at Home to you.” R. W. 


$ Master Radio Engineers will show you Ankh Air 
m how to qualify, quickly and easily at oe Revo 
B home, for Radio's fine jobs. We j 

m guarantee to train you successfully. 

g Every day N. R. I.-trained men are 

m taking good places in the Radio field. 

am Thousands of openings now awaiting te 


the trained man. 
FREE EMPLOY- 
MENT SERVICE. 
Many other big fea- 


tures. Get the facts f.. 
; ATT , Radio a gold 
=! > 
CLIP COI PON. mine—your 
Get This course worth 
Free Book thousands."’ A 


à R. Herke, Winni- 

Send peg. 
ate coupon ee a Ř—_ŘĖ 
B below for FREE BOOK— 
“Rich Rewards in 
Radio.” Read for 
yourself. No previous 
experience needed. 
Common schooling 
5 = enough. WRITE 
A LF) NOW. 
Receiving sets, from simplest kind to thousand mile receiver, in- 
cluded to help you learn. An UNBQUALLED OFFER. Other 
special features for limited time only, so ACT QUICK! 


NATIONAL RADIO INSTITUTE 
Dept. DT-8, Washington, D. C. 


HERRAR RADIO: ENGINEERS 
2 SOLDER © sas 


ERE E 


CHICAGO SOLDER COMPANY 


National Radio Institute, f 

Dept. DT-8,-Washington, D. C. - OEE ED ARR RRR RIE 
ate pa bligating me in ny Way please send ir sur free book, l . a R 
tic ai i h W AA R PY No, Pics ig € omplete inltorimmation - 4221 W rightwood Av., Chicago,U.S.A. | 
PENS tie Dia oOo tide he ake tees dk eet ke at d PAETA eae SE sy oath Ary kaltes ce mp 
Address. ......... the chant ce TEE 

WOW Gisvwens Snwdidcosecare os E e coe a dots hou og 
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INIVERSAL © 


Standards of Quality 


Type 277-D 
Coupling Coil 
Price $1.50 


rh a 
R N 
\ H: a 


x Ñ DY 
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Type 247-H 
Geared Condenser 
Price $5.00 


Type 368 
Micro-Condenser 
Price $1.25 


In building a radio receiver remember that 
its performance depends primarily upon two 
things; an efficient circuit, and the use of 
good parts. 


Wherever you find a popular circuit you will 
invariably find General Radio parts. 


The General Radio Company has con- 
tributed more in scientific apparatus for 
laboratory use than any other one Company 
in the history of radio. 


The same outstanding craftsmanship and 
materials are embodied in General Radio 
parts for use in the construction of broad- 
cast receivers. 


Through the merits of design, performance, 
and price, General Radio instruments for the 
scientist or set-builder are universally recog- 
nized as the Standards of Quality. 


Every instrument made by the General 
Radio Company is thoroughly guaranteed. 


The General Radio Company has endeavored 
to make it possible for the experimenter to 
obtain its products with a minimum of effort. 
A careful selection of distributors and dealers 
has been made. They are best fitted to serve 
you. If, however, you are unable to obtain 
our products in your particular locality they will 
be delivered to you, postpaid, direct from the 
factory upon receipt of list price. 


Write for our latest parts 
Catalog 924P 


GENERAL RADIO Co 
Cambridge 39, Mass. 


INSTRUMENTS. 


Type 285 
Audio Transformer 
6 to l and 2 tol 
Price $6.00 


Type 301 


Rheostats 
12 and 25 ohms 


Type 349 
Ux Tube Socket 
Price 50c. 
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“ Behind the Panels of Better Built Sets’’ 
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A RADIO CABINET OF BEAUTY AND ELEGANCE 
DIRECT TO YOU AT LOWEST COST 


Lid splined both ends to prevent warping. 
Nickeled piano hinge—Full length. 

Nickeled lid support of artistic design. 
Anti-vibration cushion feet (not ay in cut). 


Edges of lid moulded to match bottom. 
Shipped securely packed in strong carton. 
Prompt shipment. Big stock for holidays. 
Hardwood, Rubbed Solid Black 


al y American 
Finisn Walnut 


7x18x7?%5 
or 10 in. deep $3.50 $5.00 
7x21x7% 
or 10 in. deep 3. 5.25 
7x24x7% 
or 10 in deep 4. 5.50 
4x26:z 2 lo 
or 10 in. deep 4. 6.25 
7x28x7% 
or 10 in. deep 5. 7.00 
7x 30x71, 
or 10 in. deep 6.00 8.00 

Add 25c. for “E-Z” Fone plug. 
CASH WITH ORDER or C.O.D. 
if l4 of price is sent with order. 
Prices F. O. B. Hickory, N. C. 
Order express shipment, often 
cheaper than mail and much safer 
from damage. 
FREE WITH EACH CABINET 
a glued-up stock non-warping $- 
inch BASEBOARD. 

Free Catalogue. 


THE SOUTHERN TOY COMPANY, INC. 


Dept. N. HICKORY, NORTH CAROLINA 
| SOW I 8 NEMS CD 


No 
Backlash! 


<2 MNT > > GT 


` 
-s 


<r HN > C 


Hear this pi 
World-Wide 
Favorite 


Creation of Alfred Graham & Co., Eng- 
land, 38 years experienced in producin 

loud speaking devices, Amplions lead 
in sales throughout the world. Hear an 


VERNIER CONTROL 


Fynur Dials will separate the low 
wave length stations and get distant 
stations clearly and accurately. Dual 
control, simple and durable in con- 


NUON NL 


st 


OR 
v 
41 


. . ° Amplion— in com ison! Six models, includ- 
struction. Will fit any A inch shaft. ing phonograph unita, ex uipped with cords and 
No lost motion. Asktosee oneat your plugs, SZ up. Write for’ Anger 

S y f THE AMPLION CORPORATION, 
dealers or write to manufacturers. C OF AMERICA 
Used in the Laboratory model of the L. C.-26 P Suite X ,280 Madison Avenue, New York 4 
Receiver, designed by L. M. Cockaday. EA Chicago Branch: 27-29 No. Morgan St. g ` 
AUGUST GOERTZ & CO., INC. KE, B: BY) 
270-286 Morris Ave. Newark, N. J. 


— 
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4-Tube Receiver 


A New.:Conception of Radio Receivers 
Startling 
in Its Importance 

_ HERE ARE THE EXACT PARTS The features of this receiver em- 
Belden S-C Wiring Harness......... brace everything desirable in a 
hue ee a radio set. Laurence M. Cockaday 
oe E and McMurdo Silver have united 
Polymet .005 Condenser.......... Sn g their genius to produce this new 
Polymet 2 megohm Leak............ ; standard in radio receivers. 

Dried and Processed Front Panel... A set which can be built in an hour. A 


Drilled Sub-Panel................... complete wiring harness assures eiiceess 
a wa with a screw driver and a pair of pliers. 

‘Complete wavelength range—from the 

lowest amateur band to -the highest 

ae ee : wavelength European broadcast station. 

S-M #801 Vernier Dial............... 3 Selectivity that brings in 35 stations in 

S-M #340 .000025 Condenscr......... 1. New York City, including KFI, while the 

Pr. S-M# 540 Mounting Brackets.... . locals are on—and all on the loud speaker. 

Thordarson R200 Power Transform- _ True single control which makes 
EER OW Je: eve. TE 4:6 A E E ewe oa alta ce ° operation simple and sure. 

Unusually fine tone quality is secured 
by the use of new Thordarson Power 
Amplifying Transformers. 

— Volume forall demands on stations 
EE E E E E EENT . local or distant. 
E A iy i The finished receiver is beautiful. It 
fits with the appointments of the home. 


Send today for the complete parts for this remarkable 
~ new receiver. It was designed for YOU! 


e..esecesoosoo‘a‘o 


i sol‘ 


La e e r r rr r 


N e t ot a t d DD D i pt pi p t pt pt pat 


eeeewee eres eee eve 


Yaxley #1 Jock............0........ 
Yaxley #2 Jack ..................45. 
Yaxley #10 Switch.................. 


pá può pi ps 


iá 


‘The Key To the S-C 4-Tube Receiver” is a booklet containing 
full information on this set. Price Post Paid 25c 


WHOLESALE RETAIL 


ORISON 
Electrical Supply Ghe 


15 East 40th Street, New York City 


POWER PACK 
AMPLIFIER UNIT 


Supplies A, B, and C Battery 
Voltage for. set and in- 


any im 
cludes a distortionless Audio 
Amplifier. The complete 
parts as used by the designer 
and including all wiring 
data $95. 


ecs oeoaanagoon ooo goose‘ 


COCKADAY LC-26 
BROADCAST RECEIVER 


Few sets have given as wide- 
spread 
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Corbett Console for LC-26 Receiver 


$3.50 


IN U.S. 
(WITHOUT DRY CELL) > 
Five ply mahogany or walnut,with our usual high qual- 
e ity hand rubb Duo-tone lacquer and varnish finish. 
h D t t Straight or sloping panel front. 
arnis e ec O r The “Corbett Console” is adapted to any of the pop- 
ular recelvers, including MeLaugh in, Hammariund Roberts 


i e (Illustrated), G-O and 
Troubles with WITHOUT HORN... iaoeo e $40.00 
WITH BUILT IN HORN .............. 54.00 


(Large Miller hard rubber horn at left of panel 
with silk backed grill.) 
Shipping charges prepaid 
WRITE FOR BOOKLET showing attractive models for 
all sizes of radio cabinets, consoles and tables. 


Jobbers & Dealers write for discounts. 
CORBETT CABINET MFG. COMPANY 


St. Marys, Pennsylvania 


+] She Carborundum 
a Stabilizing 
Detector Unit 


Y a turn of the knob on the 

stabilizer you adjust the de- 

tector impedance to best suit 
operating conditions. 


You can materially reduce the. | SCreCW - machine 


detector circuit damping, thus 


giving increased selectivity— products 


sharper tuning. 


With this stabilizing unit you 
get the most efficient. rectifi- f b ra S $s 
cation—resulting in increased 
sensitivity— greater volume. For plugs, jacks, clips, con- 


It’s a simple device that solves d d f 
all detector troubles. enser and transiormer 


Comes equipped with genuine, parts, etc., Brass assures 
ryan Carborundum_ Detector. economy in quantity produc- 
n ordinary flash-light cell for tion. It also gives the right 


booster voltage completes the i 
unit. electrical conductivity and 


Y h d, Carborund i 
ou can get the fixed, permanent Ca um the mechanical accuracy es- 


YOUR DEALER OR DIRECT 


Send for Descriptive Circular Showing Hookups i sential to proper oper ation 
a of radio sets and parts. 


THE CARBORUNDUM COMPANY 
NIAGARA FALLS, N. Y. 


Nem ¥ Cleveland C Detroit Cincinnati ae COPPER & BRASS 


Cleveland - 


Pittsburgh | Milwaukee Grand Rapids i RESE ARCH AS S O CI ATI ON 
CARBORUNDUM W elo 25 Broadway, New York $3 


ret bei Re 5 
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_ the easy-to-use charger 


Tungar is the original 
bulb charger. It is a G-E 
product developed in the 
Research Laboratories of 
General Electric 

ThenewTungar charges 
2,4 and 6 volt “A” bat- 
teries, 24 to 96 volt “B” 
batteries, in series:“and 
auto batteries,too. Noex- 
tra attachments needed. 


East of Rockies 
Two ampere size $18.00 
Five ampere size $28.00 
60 cycles - 110 volts 
‘Merchandise Department 


General Electric Company 
Bridgeport, Connecticut 


Anyone can clip a Tungar to a battery and 
plug it in on the house current. That’s all 
there is to it. 


Attach a Tungar at night—and have snappy 
batteries in the morning. It will not blow 
out Radiotrons. ` 


It needs little attention. Only a dime’s worth 
of current consumed for a charge. No won- 
der “Tungar” is fast becoming the word 
for battery charger. 


Tu ngar—a registered trademark—is found only 
on the genuine. Look for it on the name plate. 


GENERAL ELECTRIC 
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SICKLES 


E A DIAMOND-WEAVE COILS 


(Trade Mark registered Aug. 4, 1925) 


For Browning-Drake, Roberts, Craig, 
Aristocrat and Hoyt Circuits 


Sickles Coil Set No. 24 for Browning-Drake (Patented Aug: 21, 1323) 
Circuit. Price $7.50. The Sickles No.18Acoil combinationisdesigned 
. specifically for the Roberts Reflex and other reflex 
ana, circuits using neutralized radio frequency amplifi- 
, cation, combined with regeneration controlled by 

COIL PRICES a movable ticker. i 

: ee The No. 25 coil combination is built for the 
No. 18A Roberts Circuit = $8.00 set | 4 Li tocrat Circuit, and it will also work admi- 
Na. 24 Browning-Drake 7.50 set rably in all of the universal circuits using tuned 
No. 20 Craig Circuits 4.50 set | radiofrequency amplification, neutralized by the 
jj i Rice Method and combined with regeneration. 


No. 19 Acme Reflex 4.50 set 
Send for descriptive catal 
No. 8 Knockout Reflex 4.00 set end for descriptive catalog 


No. 21 Hoyt Circuit 10.00 set The F. W. Sickles Co. 


No. 25 Aristocrat Circuit 8.00 set 134 Union Street 
SPRINGFIELD, MASS. 


More Profits = | 
œ PROFESSIONAL 


< Set Build 
k et Builder 
ey oe 
| E have an unusually 

PEPA interesting proposition 

N oer B Battery to make to the man who is 
eiis s ` 7 

Beer ai reatage O Da now building (or has the abil- 
gible cont. Jelivers unf aies ywer that fa clear, pure and aac ° ° . e œ 
fng Pop edan? | ipte d aa an St ndar byle le Nips ft. Star Antho res e,i inclad- ity to build) radio receiving 
Le ar, Rr gt ir other impe tant ir pie anv Ex uipped with 
Solid Rubber Case, an insurance agains acid and leakage. Extra sets for resale. 
S JO y Ju c stato © ni mb jer of batteries , : 
re "et ore MONEY Teas sory volts "10-60. er This is a real opportunity. 
exp esman after exa ing batterie per cent discoun or cash 
“a ere WORLD BATTERY COMPANY Write to-day for full informa- 
1219 So. Wabash Ave., Dept. 7 ae hicago, Iil, 


~ tion. 


Makers of tha Ku ami nae wi rid adio * Storage Batte 


Prices: 6-volt, 19 Sis. 25; 140 Amp. 314.00. 
er Case. 


m 
one se ood wih Soha Beit 


World 


ii World Steraee Battery Gearhart-Schlueter Radio Corp. 
STORAGE BATTERIES , ; 
KDKA= WEAF = WGN -WJS =K Lt eae 714 Voorman Ave. 


Fresno, California 
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OR a long time to come, there will 

not be evolved a more efficient cir- 
cuit than that in the new Hammar- 
lund-Roberts Receiver. 

Ten leading radio engineers devised 
it as their composite ideal. The result 
is a receiver, operating on only five 
tubes, which possesses the sensitivity 
of a standard eight-tube receiver, plus 
a high degree of selectivity which min- 
imizes interference: 

Tuning is simplicity itself. The 
volume and tone are ex- 
ceptional, the receiver be- 


unas che. Cael 


i 


And best of all, you can construct 
it yourself, from the finest parts known 
to radio, with results worthy of any 
professional builder. 

The cost, $60.80 (cabinet extra) is 
only about one-third of the price of a 
factory-built receiver of similar qual- 
ity. 

Your dealer sells the famous 
Hammarlund parts for this receiver 
and can supply you with all the 
other parts specified in the “How 

to Build” book, which 


will be mailed on receipt 


ing designed to operate on Jor Better. Radic of 25 cents. 
the cone type of speaker. ammarlund 
HAMMARLUND PRODUCTS 424-438 W. 33d St. 
MFG. CO. New York 


UNIT 2. — “Hammarlund, 
Jr.” The Precision Midget 
Condenser. 
UNIT 3.— The New Ham- 
marlund Straight-line fre- 
gueney Condenser. 

IT 4.— The New Ham- 
marlund Low-Loss, Space- 
Wound Coils. 


Joo eee—e—e—e—e—eeeee 


FOUNDATION UNIT 


The Foundation Unit con- 
tains all special parts needed 
to build the Hammarlund- 
Roberts Receiver, including 
drilled and engraved panels, 
brackets, wire, screws, etc. 
$7.90, at your dealers. 
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and lightning won’t harm 
your set 


The National Board of Fire Underwriters speciry 
that an approved Radio Lightning Arrester must 
be used with all out-door aerial installations. 


Protection is easy. Insure your insurance and save 
your set with a WIRT LIGHTNING. ARRESTER 
(listed as standard by a Underwriters. Laborator- 
ies). The cost is a 


THE WIRT LIGHTNING ARRESTER is an ap- 
proved air gap type, made of bakelite giving ample 
insulation, with brass terminals moulded in bake- 

lite, far enough apart so that there is no leakage 
A “petticoat” of bakelite shields the arrester from 
water and dust. Handsome and rigid. Lasts a 
lifetime. Easy to install. Full directions on box. 


When you install your 
WIRT LIGHTNING 
ARRESTER, get a 
WIRT INSULATOR 
and prevent leakage 
along your lead-in 
wires. It keeps the 
wire at the proper 
distance, provides per- 
fect insulation, and 
prevents wear and 
tear on the wire by 
preventing sagging 
and swaying. 


THE WIRT LIGHTNING ARRESTER IS 
LISTED AS STANDARD BY THE UNDER- 
WRITERS LABORATORIES. 
WIRT LIGHTNING ARRESTER 
WIRT INSULATOR 

Sold by leading Radio dealers 


Wirt Company 


PHILADELPHIA PENNSYLVANIA. 


Makers of Dim-A-Lite 


| 


_Jo-day 
-1n every 
good set/ 


100% Value 


From Each Tube 


What's the use of buying good tubes if 
you don't get their full value? Individual, 
automatic tube control is the answer. 
Amperite alone gives it. That’s why itis 
specified in every popular construction 
set, Offers precision regulation—auto- 
matically. No hand rheostats toregulate. 
Eliminates all errors of human judg- 
ment. A special type for every style and 


strength of tube. 


Price $1.10, 


Write for free hook-ups 
Radiall Company 


Dept.P.R.4,50 Franklin St., N. ¥Y. City 


PERITE 


EQ. t.S. PAT. OFF. 


-The “SELF- -ADJUSTING” Rheostat __ 


Addressed to 


Forward-thinking but 
Skeptical Set Manufacturers 


Gentlemen: 


TRANSFORMERS 
.No. 509 Full Wave 
$7.00 List 


< CHOKES 
514 20 Snenry 
$5.00 Lis 
Also Tea ore “ae 


Chokes for R.C.A. prog 
Cunnin na Tu 


It is true that to sell 
your sets this comi 
season you must buil 
in a real B-Eliminator. 
Where is there one? 
You ask. 

We can furnish you 
with the most impor- 
tant parts — Trans- 
formers and Chokes, 
Unmounted—and show 
you how to build your 
own B-Eliminators. 

Dongan has built 
transformers for 15 
years. Our producis 
are endorsed by the 
manufacturer of Ray- 
theon Tubes and the 
laboratories of the 
prominent radio publi- 
cations. Our reputa- 
tion is high—and prec- 


ious 
Sincerely 


DONGAN ELECTRIC MFG. CO. 
2983-3001FranklinSt.,Detroit,Mich. 
Fans 
BES If your dealer cannot supply you send 


6.00 list money order d 


TRANSFORMERS of MERIT tor FIFTEEN YEARS ` 


aee a a Ee 
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el INCORPORATED 
The Gold Standard f Radio Receivers 


F4 N THE “FORTY-NINERS” washed out for the 


hidden particles of gold, so, today, the. wise 
buyer—sifting through a confusion of extrava- 
gant claims and choosing on performance alone 
—finds Ferguson, “The Gold Standard of Radio 
Receivers.” For each precision-built Ferguson, 
tested and re-checked by master craftsmen, wins 
in the acid test of comparison. 


"a 
r 


Readily piercing through the maze of local 
broadcasters, the Ferguson unfailingly finds the 
more remote sections. Its three stages of Matched 
Audio give ample volume so that you may not only 
hear but enjoy thcir pro- 
grams. Its life-like repro- 
duction is true as gold. 


EEEN TT E T EO sd ek 


© One Tuning Control 


Calibrated in Meters! Arrange with the nearest Authorized 
Ferguson Dealer for a demonstration in 


Select your pro- 
your own home, or write us. 


gram, turn up its 
„wavelength and in 
comes your station. 
TAE e J. B. FERGUSON, Inc. 
this feat in radio de- 41 East 42d Street 
sign, there has not NEW YORK, N. Y. 
been the slightest 
sacrifice in electrical 

efficiency. 


The single tuning knob revolves the shaft 
by means of a split gear that eliminates all 
backlash. A pivot-bearing gives this control 
its velvet-smooth ease. The Receiver is 
mounted upon a rigid aluminum chassis. 


CABINET MODEL EIGHT 
A Six-tube Tuned r. f. Receiver, $226 
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A. RADIO PHAN- 


ANYWHERES, U. S. A. 


Mr. Mike Rofone. 
Dear Mike: 


Just wanted to tell you how wonderful your broadcast— 
ing sounded last night. : 

I heard the program on an Arborphone Set using a Tin- 
bretone speaker and never before realized how wonderful Radio 
really was. 

I have since found out that the Timbretone Speaker is 
one of the few on the market that is really built to repro- 
duce music and speech. : 

Found it was built to bring out the overtones and 
harmonics of music with the same fidelity that appeals to 
lovers of music who really appreciate real "Quality." 

Being all wood it has a "mellow" tone, unequaled. 

I paid thirty dollars for it but, gosh, I have a good 
set so couldn't afford to spoil it all with a cheaper 
speaker. | 

Will write you again next month. Till then, 


Sincerely yours, 


adjusts an X-L 
in crowded 


SEE <Y A screw driver . 
7 Pocket Meters 


VOLTS N 


VARIODENSER {fi 


pe * . . ° A RT tfe ; 
© Results in easier tuning, more distance, pot mae, 
è eae AMPERES s 
volume and clarity -- greater stability. arai 
Indorsed by leading radio authorities 
6¢AT99 A slight turn obtains correct» 
Model N _tube_ oscillation on all tuned 
radio frequency circuits. Neutrodyne, Roberts two 


tube, Browning-Drake, McMurdo Silver's Knockout, 
etc., capacity range 1.8 to 20 micro-micro farads. 


Price $1.00. l 
Model “G?” with grid clips obtains the Pocket Meter 

bi proper grid capacity on Cocka- The indispensable pocket instrument for Dealers and Radio 
day circuits, filter and intermediate frequency tuning Owners for checking the condition of A and B batteries. Reads 
in heterodyne and positive grid bias in all sets. Capac- up to ṣo volts or 35 amperes. All scales are hand-calibrated, 
ity range .00016 to .00055 and .0003 to .001 micro resistance of meter is unusually high for this type, accuracy 
farads. Price $1.50. not vary in extreme heat or cold. 


: Finished in polished nickel, of small size, convenient for hand- 
ing. 


X-L PUSH POST 


Push it down with your thumb, in- 
sert wire, remove pressure and wire 
is firmly held. Releases instantly. 
Price 15c. 


X-L Radio Laboratories 


2422 LINCOLN AVE., 
CHICAGO, ILL. 


Price, cumplete with lead 


BURTON-ROGERS CO. 


26 Brighton Ave. Boston, Maes: 
National Distributors | 


HOYT makes a complete line of Radio Meters. 
Send for booklet “HOFT Meters for Radio. 
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eri Chrome and Formica Pro- 


vide the Finest Radio Panel 


The great variety and beauty of the deco- 
rations for radio panels that are possible 
with Veri Chrome and the remarkable 
permanence of a Formica panel so 
decorated, have made sets with Veri 
Chromed panels very popular. 


You will find Veri Chromed panels— 
some of them decorated with the work of 
the leading artists—on many of the 
finest sets this year. 


To give kit buyers who assemble their 
own sets a chance to purchase dec- 
orated panels, we have prepared pan- 


els for some of the better known kits. 


Bremer Tully No. 1, Bremer Tully 
Counterphase, Bremer Tully Nameless, 
two sizes of Best’s Superheterodyne put 
out by Remler; the Browning Drake re- 
ceiver offered by the National Company, 
The Marco Browning Drake and the 
Radio Broadcast Universal Receiver are 
kits for which Veri Chromed panels are 
now available. See your dealer or jobber 
or write us direct. Panels of all standard 
sizes are packed in neat individual enve- 


‘ lopes: and sold by dealers to home set 


builders. 


Write for booklet ‘‘What Formica Is’’ 
THE FORMICA INSULATION COMPANY 


4641 Spring Grove Avenue, Cincinnati, 


ORMICA 


Made from Anhydrous Bakelite Resins 
SHEETS TUBES RODS 


PER a 2 RR SEE 


Ohio 
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The illustration pictures the take-off of the win- 
ning flight and the insert is the radio equipment 
carried. (Burgess ‘A,’ ‘B’ and ‘C’ Batteries furn- 
ished the electrical energy to operate the set.) 

When the Goodyear IlI won the right 
to represent the United States at Bel- 
gium, Burgess Radio Batteries sup- 
plied the electrical energy for the oper- 
ation of the balloon’s radio equipment. 

Almost every day from some where 
in the world news comes to us of new 
Burgess adventures. 

And that Burgess Batteries have 
contributed their bit in so many inter- 
esting events of sport, commerce and 
science reflects the esteem in which 
they are held. 


“cAsk Any Radio Engineer” 


Your own radio dealer down the street sells 
Burgess Batteries. He probably sells the 
famous Burgess Flashlights, too. 


BURGESS BATTERY COMPANY 


GENERAL SALES OFFICE: CHICAGO 


Canadian Factories and Offices: 
Niagara Falls and Winnipeg 


U FS es SS 


FIXED CONDENSERS (9 
“Built to be Better” 
frig 


AEROVOX WIRELESS CORPORATION 
489-491-493 Broome St., New York City 


Branch Ofices: 
Chicago, Ill. Cincinnati, Ohio 
53 W. Jackson Blvd. 304 Palace Theatre Bldg. 
Boston Mass. Los Angeles, Cal. . 
104 Portland St. 324 N. San Pedro St. 


Your receiving set can be no better than ‘its tubes. 
Tubes give maximum results in clarity of tone, rich volume 
and long life. 

Our charted tests (results confirmed by laboratories of na- 
tional reputation) PROVE CECO TUBES SUPERIORITY 
—as detectors, as amplifiers. z: 

Buy CeCo Tubes whether yoyr set takes one tube or E 
Now ready! CeCo Tubes-with new t Long PRO 
BASES. Also, power amplifier tubes, E (D ell Type). 
F (Storage Battery), for last stage of Audio Frequency. 
Ask your radio dealer. 


C. E. Mfg. Co., Inc. 
702 Eddy St., Providence, R. I, 
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When listeners-in on this side of the At- 
lantic first heard the voice of the British 
announcer, and then a program of music from 
the famousSavoy in London, they experienced 
one of the real thrills of radio. 


To get everything that is on the air—the 
faint signals as well as the strong ones—effec- 
tive insulation of all radio parts is a prime 
essential. The best way to make sure that a 
radio set or parts are well insulated, is to buy 
those in which Bakelite is used. 


Bakelite is used by 95% of radio set and 
parts manufacturers. It is the standard ma- 
terial for front and base panels, dials, knobs, 
tube sockets and bases, fixed and variable 
condensers, rheostats, plugs and other radio 
accessories and parts. Write us for a copy of 
Booklet, No. 28, ‘‘Bakelite in Radio’’—it’s a 
helpful guide in buying radio equipment. 


BAKELITE CORPORATION 
247 Park Avenue; New York, N.Y 


Chicago Office: 636 West 22nd St 


BAKELITE CORP. OF CANADA Ltd 
163 Dufferin St.,Toronto, Ontario, Can 


REGISTERED 6. PAT. OFF. 


“The rremered Trade Mark and Symbol shown above may be used only an products made from materials 
manufactured by Hukchte Corperatwon Under the camtal B” is the numencal sign for infinity. of unhmited 
quantity. It symbclues the infinite number of present aod future uses of Bakelite Corporstoon's products.” 
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S. HAMMER RADIO: CO., 


303 Atkins Ave. | 
Brooklyn, New York 


Cockaday Sets Now Made Easier to Build by Our New “‘Ready-to- Wire” Plan 


50 


of Your Time, Work and Worry SAVED! 


Oo 
All you need do A connect bue-bar according to diagram, solder and your set is finished. 


These Kits are sent to you completely mounted, an 


tory Model. OMPARE OUR OFFER! 


assembled 
bakelite panel, drilled and engraved. Genuine parts used as listed below; exactly as use 


on a Veneered Mahogany baseboard and genuine 


in Mr. Cockaday’s Labora- 


“POWER UNIT” 


These are the exact parts, used in building: 
the Laboratory Model of the‘‘POWER UNIT’ 
1 Amertran power trans- 25,000 to 250,000 


former, type PF-52..818.00 ~Ohing............68 $2.00 
1 Amertran De Luxe A. 2 Pacent single-circult 
F. transformer for Jacks, No. 61....... 1.00 
second stage...... 10.00 | 2 Benjamin punn - type 
3 Amerchokes, type 854. 18. sockets, No. 9040... 1.50 
2 Dubilier filter condens- Bakelite sub-base, 7x21x 
ers, type 769, 2 mfd. ty inch Drilled........ 4.45 
(working voltage 400 Bakelite binding-post 
voltaD.C.)........ strip, 7x1x % inch... .35 
2 Dubilier filter condens- Angle brassreinforcement 
ers, type 770, strips forsub-base pr. .75 
mfd. (worki volt- Angie brass for holding 
e 400 volts D.C.). 14.00 binding post strip, pr. .10 
4 Dubilter filter condens- Brass brackets for mount- 
ers, type 766, 2 ing resistor unit M, pr. .35 
mfd. (working volt- Brass strip for mounting f 
age 160 volts D.C.). 8.09 filter condensers... . 35 


p 


Acrovox Cralg resister, 


oe COMPLETE KIT $89.85 


The Following UNASSEMBLED and 
READY-TO-WIRE KITS IN STOCK 


S-C RECEIVER peee E Se Units Mets penlic Single Control 


ammarlund Roberta Kits. 


type 980.....0..0.... 
1 Bradleyohm No. 25— 


Cockaday’s New LC-26 Receiver 


1 General Radio Variometer 3 Bradleyunits,  mergohm... $2 35 


type 269 with rheostat 1 Bradlevunit 3 megohm.... 1$ 
knob. ................. $5.30 | 3 Amperites No. la.......... 28 
1 General Radio Rheostat type 1 Amperite No. 112......... 1 0 
214-a, 7 obms, with rheo- § Benjamin standard ‘‘Clera- 
stat knob.............. 2.258 tone” sockets. .......... $W 
t Precision Octaform coil set 5.50 | 1 Carter single-circnit jack 
1 Amsco Double Unit Con- No. 101. ...........-65. 70 
denser No. 1814........ 6.25 | 2 Carter Jack switches No. 2 2.6 
4 Micamold fixed Condenser 8 Eby binding posts......... 120 
00015 mfd............. 38 | 1 Fynur vernier control knob 
4 Micamold fixed Condenser and dial............... 359 
00025 mfd... sonenn -35 | 1 Universal decorated pane!, 
2 Daven resisto-couplers (new 8 x 22 inches..........- T9 
type)... cc. ee ee ee ee ee 3.00 4 Small brass brackets. .... 
§ Amertran DeLuxe transfor- 2 Bakelite Connection 
mer, first stage.......... 10.00 Blocks 1 x 2 plus 1 x 9..... 
Bradleyleak + to 10 meg. .... 1.85 2 Large Brase Brackets.... .35 


READY-TO-WIRE KIT, PRICE, . $62°' 
WIRED COMPLETE " Cemi: Mererar $77.) 


UNASSEMBLED KITS IN STOCK 
BEST § TUBE SUPERHETERODYNE 


Send for Free Radio Catalog and Complete 
Information about our Parts and Kits. 


WRITE FOR BOOKLET about these Parts and Kits 


Transportation Prepaid. One-third must accompany all C. 0. D. orders. 


Premier B Battery Cabinet 


Our Premier B Battery Cabinet is a beautiful piece of 
furniture. The B battery compartment will take any 
type B battery. The space of each B battery compart- 
ment is 434° wide, 834° high and 10” deep. 


For Genuine 
No. Panel Deep Falnut 
718-10 7x18 10° $18.50 
721-10 7x21 10” 19.00 
724-10 7x 24 10° 19.50 
726-10 : x Ze ne eo on 

0 x2 : ‘ 

‘301 7x 30 10° 22.00 


730-10 
F.O.B. Waukesha, Wis. 


The tops of these cabinets are figured walnut, the ends 
and B battery panels are select walnut, all 5 ply veneer. 
The bases are built up of massive molding. Nickel 
lated piano hinges and Hd holders. The material and 
nish in these cabinets will equal the best furniture 
obtainable. 


WE MAKE 9 STYLES OF CABINETS FOR 14 SIZES 


OF PANELS. Send for our 1925-26 line of cabinets at 
“Factory to User” prices. 


Utility Cabinet Company 


Phone 721 Waukesha, Wisconsin 


Not insured unless insurance charges included 


2214 Volt 
un-acid 
everlasting 
rechargeable 
é ‘B 99 
Storage 
Battery 


$2.95 


includes 
chemical 


45 volts $5.25, 90 volts $10.00, 11234 volts $12.0 
135 volts $14.75, 15714 volts $16.80. Truly the 
biggest buy today. Easily charged on any current 
including 32 volt systems. Any special detecto 
plate voltage had. Tested and approved by lead 
ing authorities such as PopuLAR Rapio laboratones 
Over 3 years sold on a non-red tape 30 day tna 
offer with complete refund if not thoroughly satis 
fied. Further guaranteed 2 years. Knock-dowt 
kits at greater savings. Complete “Hawley” “B 
Battery charger $2.75. Sample cell 35c. Order 
direct—send no money—simply pay the express- 
man cost on delivery. Or write for my free liter 
ture, testimonials and guarantee. Same day ship- 
ments. 


B. HAWLEY SMITH, 315 Washington Ave., 
i Danbury, Conn. 
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THE SC 
RECEIVER 


In this new, single-control, all-wave, 4-tube receiver, 
designed by eight eminent, engineering staffs, SM 
PARTS were used wherever possible. Their unques- 
tionable excellence and dependability made SM 
Parts the logical selection for this advanced receiver. 
That is why in almost every successful receiver design < 
of past and present seasons you will invariably. find Type 316. acondenser, 
SM Products—depended upon, and dependable. -00035 Mfd. for single 


i SM roon B ELIMINATOR 


lates, die cast frame. 
ce, $5.75. 

The SM Type 650 Kit includes Thordarson Transformer, choke, 

Tube Condensers, genuine Raytheon Tube, Bradleyohms and all 

necessary parts..... ceva aos hk Oa Uhl 2b eG da hae $34 


This Eliminator will deliver from 20 to 200 volts at three different 
adjustable voltages with maximum current of 50 milliamperes— 
more than enough for the largest receiver. Send for Assembly 


Instructions by Mc Murdo Silver.....................0.0.. 10c 
Type 801 Universal 
See SM Products at Your Dealers Vernier Dial, Ratio 
14.5:1. Fits any 


ce or Write for Circulars standard condenser 
right or left, 180 or 
360° movement. Price, 


} $2.50. 


Silver-Marshall, Inc. 


112 S. Wabash Ave., Chicago. 


‘ 


Type 340 Com- 
pensating Con- 
denser, .000025 
Mfd. with 
knob, $1.50. 


Interchangeable Coils 
for any wavelength. 
Standard Sizes, $2.50. 
Type 515 Coil Socket, 
$1.00. 


te i i a ret es ee ee A a 
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Tone and 


fUdistr atl i 


Control with 
| this Simple 
= Plug 


it Narra LULL 


! 
y 


TN 


lator Plug in place of the old phone 
plug. Only takes a minute to make the 
change. Order from your dealer, or 
mailed direct. Price $2.50. 


2 

E 

= IVES any degree of tone volume from 
-= P a whisper to maximum by simply 
E turning the small knob on plug. 
= Static interference is reduced: programs 
= come inclear and true with just the vol- 
= ume you most enjoy. 

E 

= New high-priced sets feature tone con- 
= trol as their greatest improvement. You 
= can have this new feature in your 
f= old set by attaching a Centralab Modu- 


| 
i 


mill 


ili 


Ill 


Centralab Control Used in 
New S-C Set 


TNN 


MINT 


The new S-C Circuit includes the Centralab 
Radiohm for oscillation control because it was 
= found to do the job in first class order It 
= holds that sensitive regenerative position im- 
= mediately preceding the oscillation point with- 
= out distortion or loss of electivity provides 
=- smooth, noiseless variation That is why 66 
E manufacturers of sets are using Centralab as 
5 Bt indard units in 1926 model At your deals 
= —or mailed direct Pr $2.00 Write for 
= literature describing Centralab 


Central Radio Laboratories 
= 17 Keefe Ave., Milwaukee, Wis. 


by years of successful manufacture a 
thousands of satisfe i users. uvippe 
with Solid R Case, an insurance 
against acid and leakage. You save 50 
per cent and get a 
2-Year Guarantee Bond in Writing 
WORLD Rattery owners ‘‘tell their 
friends." That's our best f of per- 
formance. Send your order in today. 
Solid Rubber Case Radio Batt 
6-Volt, 100-Amperes.. . . . $11.28 
6-Volt, 120-Amperes . . 


6-Volt, 140-Amperes | | | | 14.00 

Rubber Case Auto Batteries d Listed 
6-Volt, 11-Plate ..... 11.25 roved an 
6-Volt, 18-Plate . ||: Ll 13:25 | 38 er Oy LIe 
12-Volt, 7-Plate . . .. sasae 16.00 including RadtoNewsLab- 


tery oratories, Rad d 
cluded. Extra Offer: 6 per cent discount for | cast Laboratories. Radio 
cash in full with order. Buy now and get a fi the Home, and Lefax, 
guaranteed battery at 50 per cent saving to you. x 


WORLD BATTERY COMPANY 
1219 So. wabeoh Aven” Dept. 3 CHICAQO, bit. 


New Hetro-Magnetic 


Hundreds of Poputar Rapio read- 
ers were quick to take advantage of 
the remarkable low price for the 
above receiver—thoroughly tested by 
the Poputar Raprio laboratory and 
now recognized as one of the most 
powerful radio receivers. New mag- 
netic coils make five tubes give the vol- 


ume, distance and selectivity of eight. 
Large circular describing set and giving 
complete description of its novel features 
sent on request. f 
Above set in 30” walnut cabinet . $48.50 
Set less cabinet.................. 29.50 


MERCURY ELECTRIC CORPORATION 
` 2032 Grand Ave., New York, N. Y. 
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S S 
Trade-Mark Registered 
? All Frequency Amplifier 
ASA Ant BEA ie Price $5.00 


Are you still using primitive methods of amplification? Why 
not make your receiver an up-to-date model by installing 
Autoformer amplification—the ultimate in reproductive 
equipment? 


The Autoformer, a step up impedance amplifier, reproduces with full 
volume those bass notes lost in ordinary transformer amplifiers. 


The Autoformer provides the unrestrained flow of distortionless music. 
It records everything from the slightest shading to the greatest extreme of 
volume, intensity and timbre. 


B Better volume control. 
More volume on distant stations. 
Full bass note amplification. 
Greater clarity on all signals. 


OTHER THORDARSON TRANSFORMERS 


R-200 Amplifying Transformer B-Eliminator Transformer 
Standard Amplifying Transformer B-Eliminator Chokes 
Power Amplifying Transformer Battery Charging Transformers 
| Interstage Power Transformer Transmission Equipment 
ii 
\ RIC MANT 


a E 
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OMINATI N 
ITS FIELD 


BECAUSE OF SUPERIOR MERIT 


BRACH-STAT 


- THE AUTOMATIC FILAMENT CONTROL 


We are prepared at any time to prove Brach-Stat superiority over any other form of 
filament control ballast. 

The life of a radio tube is materially shortened when even slightly overloaded. 
Leading set makers and discriminating engineers insist upon Brach-Stats because they 
positively prevent overloading and provide perfect filament control. 


L. S. BRACH MFG. CO, NEWARK, N.J. 


STATIC???? 


Or have the “B” batteries run 
RI e. down again? Why not elim- 
Z] x inate this constant expense with 


our THORDARSON-RAY- 
POPULAR RADIO specifica- 


tions (See November 1925 issue) 

for only $39.00. Extra voltage 

taps at slight additional cost. Our 
Underwriters App. unit delivers 160 volts at 32 mil- 
liamperes. 


D a set | Ih THEON eliminator built to 


S 


T 2 99 
: Little J mae We KNOW the LC-26; and by 
Lightning Arrester the way, did you see our last 


Especially designed for Radio Work. month’s advertisement? 
Made of Porcelain, small, neat, rugged 
and serviceable. Can be suspended CHO : 
Pee ee er The METROPOLITAN LABORATORIES 
Ask Your Dealer 86-88 West Broadway, New York City 
M’f'd by | CIRCLE F MFG. CO. 66 The Best is the Cheapest” 


Trenton, New Jersey 
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Send for this 
New Hookup 


No choicer group of radio 
roducts has ever been em- 
ied in a single radio 
receiver. Not only are these 
manufacturers nationally 
known and accepted as the 
leaders in radio design and 
eonstruction, but they have 
developed for the S-C re- 
ceiver many new features 


which will create a new 
standard in reception 
throughout the radio world 


Represented Manufac- 
turers: 


Belden Mfg. Co. 
S-C Wiring Harness 


Central Radio Laboratories 


Centralab Resistance 


Polymet Mfg. Corporation 
Fixed Condensers, Leak 
and Leak Clips 
Poster & Co. 
Dritled and Processed Front 
Panel and Drilled Sub-Panel 
Silver-Marshall, Inc. 


Variable Condensers, Coil 
Sockets, Coils, Tube Sockets, 
Vernier Dial, Mounting 
Brackets 


Thordarson Electric Mfg. Co. 
R-200 Power Transformers 


Yaxley Mfg. Co. 
Rheostat, Jacks, Switch 
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Four Tube Receiver 


The outstanding receiver development of the season, combin- 
ing the genius of two of thé most distinguished radio engineers. 
A receiver for the home builder that will represent for several 
seasons greater value than ` any other design available. 


Here is a receiver that’ will represent to-the home set builder 
a greater dollar for dollar value for years ‘to come than any 
other design now availablé 


Startling New Features 

SINGLE C ONTROL—But one tuning or station selector control. 
SELECTIVITY—In a residential district of New York City, within a 
few hundred yards of powerful stations, thirty-five stations were heard 
between 9 and 10 p. m..on the loud-speaker.” KFI, in Los Angeles was 
heard with ample volume to fill two rooms. 

QUALITY—Two new-typé Thordarson power amplifying transformers 
possessing a substantially fi ıt frequericy characteristic over the range of 
40 to 6,000 cycles, give a euperiog quality of distortionless reproduction. 


VOLUME—Exceeds that ‘of other four-tube 
receivers, and equals/that obtainable from 
standard five and six-tube receivers. 


UNLIMITED WAVE L ENGTH RANGE, 
Sear the use of interchangeable coils. 


WIRING AND ASSEMBLY—AII wiring is 
carried in a special harness. Since each wire is 
exactly the right length, and has a special 
color, it is impossible to go wrong in wiring 
Over-all design, rugged and solid. Adapted to 
practically any standard cabinet, any stand- 
ard tube, any battery or eliminator source of 
supply, outdoor antenna or loop. While the 
parts are the best that the leading laboratories 
of the country afford, the set can be built at 
an extremely low cost. Full description of the 
receiver was published in the March issue of 
Popular Radio 


Get the hand book at your nearest Radio 
Dealer or clip the coupon and send with 25 


cents TO-DAY. Address 
Merchandising 
The S. C. Merchandising a?” Company 
Compan o® ; 
ae k 4 .” ” 64 E. Jackson Blvd., Chicago 
Chicago » Gentlemen: Please find enclosed 25c. for which 
- > send me hand book of new S-C Receiver. 

Ca 

st” 
NAME 

A DDREBS 
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Cat. No. 251B, 
00035 Mfd. Max., 
Price $3.50 
Cat. No. 251C, 
0005 Mfd. Max., 
Price $4.50 


This Condenser 
Assures Quick 
Certain Tuning! 


HE PACENT TRUE 
STRAIGHT LINE FRE- 
QUENCY CONDENSER is the 
result of 18 months’ intensive re- 


search and experiments on the 
part of Pacent Engineers to per- 
fect a precision instrument to really 
solve the radio fan’s problem of 
quick, certain tuning. 


The Pacent Condenser—by uni- 
formly spacing stations round the 
dial according to frequency—will 
amazingly improve the selectivity 
of any set! Compactly and sturdi- 
ly built. Electrically and mechani- 
cally right—meeting all require- 
ments of low loss design. Pacent 
Straight Line Frequency Conden- 
sers give you the joy.of quick, 
certain tuning. 


Our illustrated catalog describes, in detail, 
thie precision condenser and other Pacent 
contributions to radio efficiency. 
May we send YOUR copy. 


PACENT ELECTRIC COMPANY, INCc., 
91 Seventh Avenue - New York City 


Pacent 


RADIO ESSENTIALS 
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oe we un ee SD UR uD SO ON SD es UR UD SD UR SD SDan ss aN COED ED CD ee es es es a aO 


GET THESE 
SIMPLIFIED BLUEPRINTS 


FREE 


You can have your choice of any one of elght POPULAR Rapti0 Simpii- 
fied Blueprints with your new or renewal subscription for POPULÀR 
RaD1io, with which is combined The Wireless Age, accom by 
rethittance of $3.00. These Blueprints will take it possible for you 
to build a tested and approved set. while POPULAR Rapio for 12 
mone will keep you in touch with the progress being made in 


soa: as a reader of POPULAR RADIO, know the many peapa | 

interesting and instructive articles that are published each m 

Every issue some new item is sure to attract your attention. We 

promise that throughout the coming months PopuULAR RaDio will 
old more and more of interest for Radio Fans. 


Ease, Economy and Accuracy in Construction 


Simplified Blueprints were prepared under the personal supervision 
of urence M. Cockaday. They make it poasible for anyone. 
without previous knowl e of radio, to construct a highly cient 

o receiver. Each set of Blueprints consists of 3 prints as follows. 


Panel Pattern 


This Blueprint is the EXACT size of the actual set. So accurate 
that you need merely lay it on your panel and drill as indicated. 
You can readily appreciate. the conv enlence of this Blueprint. No 
scaling or measuring to do, no danger of ruining the panel through 

faulty calculation. 


Instrument Layout 
Here again you have an actual size print of each instrument and 
bind post and ita exact location both on the panel and within 
the ca inet. Even the cabinet structure is clearly shown. 


Wiring Diagram 
The unusual feature of this Blueprint is that it is an actual sise 
picture diagram of the finished set. Each instrument ena o oma 
parts appear in exact sise and the wires are so clearly traced from 
contact to another tnat you can connect al) terminals aceurately 
without even knowing how to read a hook-up diagram. 


Set No. 4—'‘Cockaday Four-Circut! Tuner with Resist- 
ance-Coupled Amplifier as described in the October, 
1924, issue of Popular Radio. 


Set No. 6—''Cockaday Stube Superheterod 
Receiver” as deacribed in the January, 1925, 
Popular Radio. 


Set No. 12—''8-tube S 
trol’ as described in A iy 
Radio. 


Reflez 
issue of 


heterodyne with Single Con- 
tober, 1025. issue of Popular 


Set No. 13—" Raytheon Plate Supply Unit” as de- 
scribed in the November, 1925, issue of Popular Radio. 


Set No. 14—"T he LC-26 Broadcast Recetver’’ as described 
in the December, 1925, iasue of Popular Radio. 


_ 7 Set No. 15—"Tħe Orthophase Receteer"’ as described 
in the February, 1926, issue of Popular Radio. 


Set No. 16—"The S-C All-Wace Receirer” fs described 
in the March, 1926, issue of Popular Radio. 


Set No. 17—‘The Power- pact Ana tl as deacribed 
' in the ia 1926, issue of Popular Radi 


Use coupon below; indicate which set of 
Blueprints you want. 


POPULAR RADIO 
Dept. 49 
627 West 43rd Street New York City 


CD a ee ee ee ees es ee tees ee ee ee ees GOP UN MD O OND GRG ee es ee 0 OD OD AS OD M a OO 


POPULAR RabDIO, Dept. 49° 
627 West 43rd Street, New York City 


Enclosed is my remittance of $...... pull pes ment for sul” 
scription, with Blueprints as checked tear F 


O Set Number 4 O Set Number 14 
DO Set Number 6 O Set Number 15 
O Set Number 12 O Set Number 16 
O Set Number 13 O Set Number 17 
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19 YEARS OF SPECIALIZATION 
IN THE RADIO FIELD 


a } are behind each Condenser 
Trade Marked 
Type I Terminals 


For Soldered Connections in Any 


rention of Circuit In Radio Receiving Sets the Biggest 
7 Little Things are the FIXED CON- 
DENSERS. 


f < 


—= 1 
K ~ Lotfi 
AGE 
= paAT.OFF 


The MODEL T FARADON is fur- 


Pepa If Terminals nished in all usual sizes to meet the 
Holds Standard Cartridge Grid . è 
Leak—Also Takes Soldered requirements of Quality Performance. 
onnections 


Quotations covering quantity re- 
quirements furnished to 


SET MANUFACTURERS 


promptly upon request. 


Some Important FARADON Users: 


0S) SS REE U. S. Army—U. S. Navy—U. S. Signal Corps— 
3 U. S. Bureau of Standards—General Eiectric Co.— 
Type III Terminals Radio Corporation of America—Western Electric 


For Transformer or Other Binding C i," ical Radio Tel. Co.—Westi 
P M ting—Also Takes Sol- ompany | Fopica adio el. . esting=- 
id Aea CONN yii house Electric & Mfg. Co. 


WIRELESS SPECIALTY APPARATUS COMPANY 


-JAMAICA PLAIN— BOSTON, MASS. 


/ 
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$] 1:00 
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“The Better Condenser” 


Maintains Its Leadership 


READ THIS LETTER! 
RAYTHEON MANUFACTURING COMPANY 


(Foammaty AMERICAN APPLIANCE COMPANY) 
291 MAIN STREET 
CAMBRIDGE, MASS. 


Jancary £2, 1926 


Tobe Denutschmann Company 
46 Cornhill 
Boston, Massachusetts 


Gentlemen: 


Our laboratory bas asde thorongh tests on 
the filter olranit condensers manufactured by your 
company for use in the Raytheon B-elizinator oirouit, 
These tests bare been entirely satisfactory and we do 
not hesitate te recommend your condensers to 
oustomere as being unsurpassed by any which are sow 
being marketed for this purpose. 


May we take this opportunity of commenting 
ou for toed outstanding work in the merchandising of 
Ci am-ees. aty condensers for use in iaproved Raytheon 
plate supply units. 
Very truly yours 


RAYTEEOS MAN TURIWO~comPasy 


Make sure that you get the OFFICIALLY AP- 
PROVED RAYTHEON Filter Condenser Block 

Che TOBE Condensers have been tested in the 
laboratory of the Raytheon Manufacturing Company 
and as a result, they have written the letter reproduced 
above. It speaks for itself 

The new TOBE B BLOCK contains in one compact 
silvered metal case the three filter and two by-pass con- 


densers required for the Raytheon B-Eliminator:—oné 
8 Mfd.,—two 2 Mfd., two 1 Mfd It saves $2.50 in 
the cost of parts—-saves space Saves WIFring. ASK 
your dealer for "The Better Condensers" 


Send for free circuit diagrams of B-Eliminators 


Tobe Deatschmann Co., Cornhill, Boston, Mass. 


Save 20°507 
FREE RADIO CATALOG 


NEW 1926 EDITION 
IS NOW READY 


The Barawik Company, ploneers in 
radio, now offers ‘you through its 
Radio Catalog and Guide, greater 
bargains than ever before In standard 
sets, parts, kits and supplies. No 
matter what parts you want, for what- 
ever circuit or hook-up-—you may pre- 
fer, we can supply them to you at sub- 
stantial savings. Special prices on 
tubes, batteries, cone speakers, cab- 
inets, etc. 


aers are some sample bargains from thie bargain 
catalog: 

Complete parts for 8-C Recelver............. 5.00 

- o LO 36 * ALPENE E -50 

Hammarlund-Roberts..... 05 

McLaughlin 8-tube Super. .50 

PEL WOR C5 scar oo Sic loboire cvs 50 

Silver Autodyne..... a 3.50 

Browning-Drake circuit.... -50 

Guaranteed 201A type tubes... .98 

s 45 V large B batteries........ i 2.35 

If you are in the market for any of the above, order 
direct from this ad, enclosing remittance and goods 
will be shipped you at once. All merchandise guar- 
anteed. 

Write today for our New 1926 Radio Catalog and 
Builders Guide, showing radio's neweet creations. 
Also please include name of another radio fan when 
writing. 


THE BAR AWIK company 


103-105 S. Canal St. Chicago, Ill. 
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VARIABLE-RATIO 
AUDIO-TRANSFORMER 


POP a eee 
NS Sra 
e f, a 


This new unit, made by a pioneer manufacturer of 
high-grade Radio equipment, gives three ratios in 
one transformer—4 to 1, 6 to 1, and 8 to 1. It 
ermits varying primary impedance to secure the 
t results in each stage of audio. It may be used 

as a high-grade mapedance in impedance-coupled 


audio. i 
At All Good Dealers 


i $6.00 


Send for descriptive pamphlet V 


COMO APPARATUS CO., INC. 
Kelley Street 


Manchester, N. H. 
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COMPLETE KITS 


EXACTLY THE SAME AS 
MR. COCKADAY’S LABORATORY MODELS 


Insure your getting the same results Mr. Cockaday gets from his Laboratory 


Mcdels 


by purchasing kits from us. Our buying department has exceptional facilities for 


getting the exact parts Mr. Cockaday uses. 


Write us. 


POWER PACK AMPLIFIER 


1 Amertran power transformer, 


2 Benjamin Push-type sockets, 


35 


RDS PESA area $18.00 NG. DONG EA A ONT Re kes $1.50 
PRECISION 1 Amertran DeLuxe A. F. Trans- Bakelite sub- base, 7x2Ix M 
former, second stage........ 10.00 INCHs 65 cise AG ase os 64.45 
OCTAFORM COIL 3 Amerchokes, type 854......... 18.00 Bakelite binding post strip, 
2 Dubilier at condensers, type a g xI x ae p Rvighs aia tate hid -45 
. TOO. 2 TUG. er ce amen 7.00 ngle brass reinforcement strips 
tag peat Te Reine. 2 Dubilier filter condensers, type for sub-base = OT Tr ea -90 
The cal per bhat Bia Sak irk CE T EE N 14.00 Angle brass for holding binding 
hiy y Drie $6.40, 4 Dubilier filter condensers, type post script, pie rt ITET ee 10 
5-5 coe oo ees E 8.00 Brass brackets for mounting re- 
I Mee Craig resistor, type MOT et a: esa ae ann ee 35 
xe eas PE ated oe 4.00 Brass pring for mounting filter 
I pa Aaa as 0. 25—25,000 to CODUENDETS: «i606 0054 daa .35 
PRECISION 250,000 ohms.. .00 ere 
AUTODYNE 2 Pacent single circuit it jacks, No. Complete, : ice ass $90.10 
COUPLER DE bs ute acon TEF .00 
Seretan rai COCKADAY LC-26 KIT 
Reflex Receiver 1 Genera! Radio variometer, type 3 Amiperites Nọ: IBisireris oeni $3.30 
described in Jan- 269, equipped with rheostat T Amperite NOs 822 orea aaa 1.10 
uary 1925 issue of) i ae ee e $5.30 5 Benjamin standard “Cle-ra- 
of Popular Radio 1 General Radio rheostat, type tone” DOCKéls iscenirao ais 5.00 
Price $3.50. 214-a, 7 ohms, equipped - 1 Carter single-circuit jack, No 
with rheostat knob........ 2.25 FOF PERT ites TANE EEF .70 
Iı Precision Octaform coil set. 5.50 2 Carter Jack switches, No. 2... 2.00 
I noso specin double unit con- 8 Sd binding posts. . erei 1.20 
enser No. 1814 each section 1 Fynur vernier control knob an 
PRECISION COIL PETET | ARER 6.25 E A ENO RE AIS PS 3.50 
1 Micamold fixed condenser, 1 Universal decorated panel, 8x22 
SET SOOT S. Mid oe acd ad. da kas -35 1r a cis essed es 7.50 
I Micamcld fixed condenser, Piteprint aeran 2208S cd web ee 1.00 
No. 300 00025 Midesine eners ae me 4 Small brass brackets.......... 
he 2 Daven resisto-couplers (new 1 Antenna connection block, 1x2 
For the new Or- type which incorporates .I MENES: daver AELE EIEEE 
thophase Re- mfd. condenser concealed in I Battery connection block, Ix9 ò 1.75 
ceiver described DAME) i aan oar 3.00 TE REREN A EET 
in February 1 Amertran DeLuxe transformer, 2 Large brass brackets.......... 
Popular Radio. BIS SAGO i645 veidey shee, 10.00 Screws and buss wire........... 
Price, per set of Bradleyleak, 4% to 10 meg...... - 1.85 Solid Walnut Cabinet.......... 17.00 
three, $7.50. 3 Bradleyunits, 4 megohm..... 2.25 
I Bradleyunit, 4% megohm..... 73 DORR oo teeek eed eves $81.90 
Ir- Precision >’ Octaform 4-circuit t Amperite No. IIa ezrin enk $1.10 
OL A iiss cs crest ose ans alas $5.50 2 Na-ald De Luxe sockets ....,. 1.50 
. 1 Lombardi Dial Si F. variable 1 Benjamin Claratone socket.... 1.00 
condenser (2 sections)....... 9.50 1 Yaxley open-circuit filament 
1 Aerovox mica fixed condenser Ta EREET OAN E .70 
000S Mle ois anea ,30 1 Gee Haw vernier dial.......... 3.00 
2 Perry audid-frequency trans- tr panel, 7 = 718 inchei i osc icwss 2.40 
FOUTS. 50-0. X0G0-4 5 S55 a0n06 12.00 I baseboard, 6% x 16% inches.. .35 
T Bradieyicak. measar te 1.85 Seven Eby binding aa i ee 1.05 
I Jones seven-point inductance = 5 ' = 
WICH P EE E N NET 1.50 rice Complete...... 42 
COCKADAY COIL $5.50 y E-Z-stat; 6 Ohd. isodi rerio ‘ -75 (Including panel and baseboard) 
(New Octaform Base) 
thins ra that th s coil igr ueta OTHER KITS IN STOCK 
the 4-Circu.t luner as design 
Complete parts for the S-C Re- Complete parts for the Raytheon 
by: Mr.. Cockaday, M San heant ceiver described in March “B” Eliminator..... -$42.05 


recogniti ion of the accuracy and 


efficiency of Precision Coils. Popular. Radi- irer Oes $58.85 


-PRECISION COILS AND KITS ARE 
ABSOLUTELY GUARANTEED 


Send money order today or we will ship C.O.D. upon receipt of your 
order anywhere in the U. S. A. Dealers—Write for information 
about the complete Precision Line. 


PRECISION Coit Co. Inc. 
209 Centre Street, New York, N. Y. 
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SIMPLIFIED BLUEPRINTS 


MAKE IT EASY TO BUILD A SET 


q Cy| AURENCE M. COCKADAY has personally supervised the preparation of 


Simplified Blueprints of eight of POPULAR 
Each set consists of at least three separate Actual Size Blueprints; first a Panel 
Pattern; second, an Instrument Layout; and third, a Picture Wiring Diagram 
all simplified in the fullest sense of the word because 


Rapio’s most popular circuits. 


The Panel Pattern can be laid on the panel and all holes drilled as 
indicated. No scaling to do and so accurate there is no danger of 
ruining the panel through faulty calculation. 


The Instrument Layout placed on the sub-base permits you to 
indicate by pinpricks the exact location of every screw. 

The Picture Wiring Diagram gives every instrument in exact size 
and position with every wire clearly indicated from one contact to 


the other. 


With no knowledge of radio symbols you can assemble 


every part and complete your wiring with no chance of error. 


Priced at $1.00 per Set of Three Prints 


Set No. 4—‘‘Cockaday Four-Circuit Tuner with 
Resistance-Coupled Amplifier” (five tubes, dis- 
tortionless, two dials, automatic vacuum tube 
control, as described in the October, 1924, issue of 
PoruLar Rapio). 


Set No. 6—‘‘The Cockaday 8-tube Super-hetero- 
dyne Reflex Receiver” (eight tubes, two tuning dials, 
loop, non-radiating, distortionless, as described 
in January, 1925, issue of Poputar RaDio). 


Set No. 12—“8-Tube Superheterodyne with Single 
Control” (eight tubes, two straightline variable 
condensers, as described in October, 1925, issue 
of PoputarR Rapio). 


Set No. 18—‘‘Raytheon Plate Supply Unit” (a 
really dependable method for obtaining a “B” 
source of supply as described in November, 
1925, issue of PopuLtarR Rapro). 


Set No. 14—‘‘The LC-26 Broadcast Receiver” (as 
described in December, 1925, issue of POPULAR 
Rapio). 
Set No. 15—‘‘The Orthophase Receiver” (a cir- 
cuit development using a new principle 1 radio- 
frequency amplification, making a receiver with 
great sensitivity, combined with sharp tuning and 
ease of operation, as described in February, 1926, 
issue of PoputaR Rapio). 
Set No. 16—‘“‘ The S-C All-Wave Receiver” (equip- 
ped with inter-changeable coils so that it has 
practically an unlimited wavelength range, cover- 
ing all wavelengths from 50 to 550 meters, as de- 
scribed in March, 1926, issue of Poputar Rapio). 
Set No. 17—‘‘The Power-Pack Amplifier” (sup- 
plies the “A,” “B,” and “C” voltages to the 
high power amplification in the last stage direct 
from the alternating current lighting lines, as de- 
scribed in April, 1926, issue of PopuLar Rapio). 


Full constructional and parts details for these Receiving Sets will be found in the issue of POPULAR 
RADIO indicated. Back issues of POPULAR RADIO will be furnished at the rate of 35c a copy 


627 West 43d Street Dept. 44 New York City 
P POPULAR RADIO, Inc., Dept. 44 ! 

| 627 West 43d St., ‘New York City ater oe Sailr a BORG eee cena l 

Í| Enclosed is my remittance of $......... 00.000. 05 for which kind! d BI Set (a) ! 

į consisting of Panel Pattern, Instrument Layout and Witing Discran ay checked pigs oe i DEALERS 

I D Set Number4 ( Set Number 12 (1 Set Number 14 D Set Number 16 ! i 

| O Set Number 6 O Set Number 13 OD Set Number 15 D Set Nombr 17 | Write for terms 

l [ on these fast sell- 

l IN BING EEE ee) Baers E EE E E E E E EE E E E E |] in g Blueprints. 

: Pad T ETET A E E E EEN EEEE AE AN EEN en EEEE i An attractive Dis- 


i play Chart free 
with orders. 


te se.eceseoctseesso’wooooo‘lon 
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Engineers are Standardizing 


on Samson Quality Products 


Samson 


Choke ate rt 50 


The chief 
engineer of 
one of the 
largest con- 
cerns manu- 
facturing 
radio sets specified Samson 
Transformers last Spring because 
of their quality. At the end of the 
1925 radio season, after selling 
more than 13,000 sets containing 
Samson Transformers, the chief 
engineer reported that to date no 
Samson Transformer h ad proven 
defective in consumers’? hands 
and they are yet to receive their 
first complaint. A quality prod- 
uct plus insurance. 

Samson Uniform F requency 
Condensers give supreme service 
because of steel shaft and bronze 
bearings—heavy ribbed die cast 
frame—large phosphor bronze helical con- 
tact spring, short rigid locked and sold- 
ered brass plates and stiff metallic shield. 
Gold plated stator and rotor plates pre- 
vent corrosion. The Samson Uniform 
Frequency Condenser occupies half to a 
third the space others do and is capable 
of gang operation. It has losses lower 
than laboratory standards and is guar- 
anteed to be accurate within plus or minus 
one per cent of its rated capacity. 
products covered by our literature. Send 
for it. 


Helical Winding 


Manufacturers with problems which 
we might assist to solve are invited to 


write us. 


Samson Audio 
Transformer, $5.00 


Other 


In many sets famous for their tone quality you will find the 
Samson RF Choke Coil shown at the left. 


It improves the re- 
ception of practically any set in which it is 
used—does not act like a by-pass. condenser, 
but performs the function for which it is de- 
signed. 

The inherent properties of the patented 
Samson Helical Winding used assure far 
less distributed capacity effect—which is the 
cause of ordinary RF Choke 
Coils failing to perform their 
desired functions. A bulletin 
on the uses of RF Choke Coils 
is yours for the asking. 

This Helical winding as- 
sures practically uniform am- 
plication over entire audible 
range by the Samson Audio 
Transformer, shown at the 
left, which 1 is supplied in 3 to 

1 and 6 to I ratios. 


4” dia 


Samson Uniform Fagus Condenser, 500 
m.f. $9.00, 350 m. $8.75,.250 m.m.f. $8.50 


Samson Electric Company 


Manufacturers Since 1882 


Sales offices in 
30 leading cities 


Main offices and 
Factory, Canton, Mass. 


As Condenser 
appears on a 
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Demand for New Circuits 


The Big S. C. Receiver. Orthophase Receiver 
L. C. 26 Broadcast Receiver Generai Zae Universal Receiver 


We Have All the Hard-to-Get Complete 


STANDARD PARTS 


Either in Kit Form or Separately for All Popular Circuits 
THE DEMAND MAKES IT IMPERATIVE YOU SEND YOUR ORDER NOW! 


LATEST S. C. RECEIVER COCKADAY Ss L. C. 26 RECEIVER 


PARTS AS USED BY MR.COCKADAYIN BUILD 


2 S-M antenna coils: Nos. 110A and detector Total T ne a HIS LARORATORY BET uu OF 
coll aoe 114A, equipped with 2 No. 515 ae enera An NSTC MEN Er: type 269, equipped wit h ice 
coil sockets... ee tee es <l 1 General Radi heostat, type 214-0, 7 ohme. auido d 
2 SM Sif varnos condenar 861 316, 13.75 i ph rhe: tat ‘knob | eT ence a KOU ppe 2-28 
equipped t vernier dial No. 801..... . recision Octaform coil set. : 
4 S-M tube sockets, type 510.. Se oe 2.00 1 fierce epccial, eee unit condenser No. 1514, “each iai 
2 Thordarson S-C power transformers........ 16 .00 1 Mioamuld fixed condenser, 000ISmid..-. 0070.. 3 
ð 
1 Polymet mica fixed condenser, .002 mfd. .40 1 Micamold fixed condenser, 00025 mfd . 35 
1 Polymet mica fixed condenser, .005 mfd |... 60 gr Be a) ee ee un a which incorpo- 3 00 
1 Polymet gridleak, 2 megohms............. .25 2 Amertran DeLuse cee nelormen, firat staer. toe ee l 10 00 
1 Polymet mica fixed condenser, equipped , Bradl«vleak 1-4 to 10 meg. RoE ae eek tees AS 
with gridleak clips, 00005 mfd.......... 45 3 Bradleyunits, 1-4 megohm. Dia tcc e aen sees SEE 88 
1 Yaxley rheostat. No. 16K,6o0hms......... 1.35 1 Bradley unit, 1-2 megohm. .. ea A Rabe tia oil oes nn 73 
1 Yaxley battery switch No. 10.............. .50 b Atmperaan Nong tres ee pee a a net 
1 Yaxley jack, type No. 1... 0 ............. . 50 B Benjamio standard “Cle-ra-tone”. socketa. ERE E > $0 
1 Yaxley jack, type No.2. ................ 60 1 Carter single cirenit jack. No. 101.. iba s a ea BAS 70 
1] Centralab variable resistance, 25.000 anme: 1.50 ; Boy wee pri Dee. No. 2.. igi RAT IY E E E E E A E E oat ae 2 vo 
1 James Jr. midget condenser yi mid: 1.50 1 F ohut vernier onnirol knob and dial., AADAT, 5 30 
2 Gleason -C mounting brackets.. . 70 4 Small brass brackete lc eee eee ee ` 
1 Belden S-C conneeting harness.. ......... 4.00 1 Antenna connection block, 1 xz 2inches.......... l #0 
COMPLETE (tsciuding drilled & eng eget $55 AOE ee 
panel; 7% 18incheas. riled & en Ree 
PARTS graved aub-panel, 6 1-2 «17 inchen 


Complete including 1 Bakelit 
CABINET FOR THIS SET $9.50 EXTRA Parts (died and engraved ) $59 75 


ORTHOPHASE — SPECIAL $55 


Allthe st Id this well k 
RECEIVER cic pected Pant Heady to. amemble ONLY — 


WE GUARANTEE IMMEDIATE DELIVER ESE SETS WIRED TO ORDER COMPLETE $10.00 EXTRA 


HEINS @ BOLET, 44 PARK PLACE. NEW YORK 
Mail Orders Shi pped the Same Day They are Received 


_ | Build Your LC-26 


; With the Aid of 
Popular Radio Blue Prints 


It is Easy, Quick and Accurate 
The LC-26 is the ideal all-around receiver, pert eaags unusuall 


CONDENSERS 


** Made of Mica and Moulded in 


i ee : fine tone quality, selectivity and distance-getting ility, wit 
genuine Bakelite i simplicity of construction and operation. It operates on any 
: With Micamold Resistors and Con- ; antenna from 10 fect to 200 feet long, ind or out: 

: | densers you need no clips or moun ts— : In tests at Washington, D. C., “the LC-26 brought i in over 40 
a} just solder direct to the terminals, ; stations in one night, the farthest away being KGW, Portland, 


Oregon. 

At Chicago, Ill., the LC-26 brought in KFI, Los Angeles, 
every night for a week, and over 60 other stations. WEAF, 
New York, was heard clearly at eleven o'clock in the morning. 
At New Haven, Conn., it brought in WMBF, a€ Miami Beach, 
Florida, at 4:00 p.m., as well as New York stations for which 
New Haven is a dead spot. 


- All reception on the LC-26 is on the loudspeaker, as it has ro , ~ 


thus eliminating point or loose cone 
tact and accidental dislodgment of 


genuine Bakelite and guaranteed 
within 5% of calibrations and con- 
stant in value, They are noiseless, 
moistureproof and indestructible. 


Tete s eee eee ee tee eee errs orras 


Alt all good Radio Stores phone connection. 
MICAMOLD RADIO CORP. ; By using Popular Rapto Blue Prints in building your LC-26 
Flushing and Porter Aves., Brooklyn, N.Y. ; you can save time, eliminate the possibility of error, and mak e 


the units 
Micamold Produets are moulded in 
your set exactly like the laboratory models (see page 52). 


; If your local dealer cannot supply you with Blue Priata of the 

LC26, they will be sent postpaid on receipt of $1.00 per set. 

— = A full descri npiion of the LC-26, with detailed directions as to 
ACCURACY GUARANTEED V how to build it, was published in December Poputar Rapio. 


“VALVES REMAIN CONSTANT 


POPULAR RADIO 


TA | mn Nee a lal Service Bureau 44-A 
| 627 West 43d Street, New York 


All apparatus advertised in this magazine has been tested and approved by POPULAR RADIO LABORATORY: -` - 


The Best in Radio Equipment 


MAIL THIS COUPON TCDAY TO GOLDEN-LEUTZ, INC., 6th & WASHINGTON AVES., LONG ISLAND CITY, N. Y. 
oe oe oe oe ë ee 
GOLDEN-LEUTZ, INC. 


6TH & WASHINGTON AVES. 
LONG ISLAND CITY; N. Y. 


GENTLEMEN: 


PLEASE MAIL IMMEDIATELY WHEN READY AND WITHOUT OBLIGATION ON 
MY PART FULL DESCRIPTIVE LITERATURE ON YOUR NEW LINE INCLUDING 


1. STANDARD PLIO 6 A POWERFUL HIGH GRADE MEDIUM PRICED 
BROADCAST RECEIVER. 


2. UNIVERSAL PLIO 6 HAVING THE EXCLUSIVE FEATURE OF TUN- 
ING ALL WAVELENGTHS FROM 35 TO 3600 METERS FOR PERFECT 
BROADCAST RECEPTION. 


3. UNIVERSAL SUPER 8 A VERY HIGH GRADE SCIENTIFIC BROAD- 
CAST RECEIVER ALSO FOR ALL WAVELENGTHS. FROM 35 TO 
3600 METERS. 


4. UNIVERSAL TRANSOCEANIC THE MOST POWERFUL AND MOST 
ADVANCED RADIO BROADCAST RECEIVER IN THE WORLD. 


CONSUMER {J DEALER (J JOBBER 0O 
INDICATE INTEREST WITH AN “X” 
YOURS VERY TRULY 


CO 85918. OL Fe E CS ered Oe O a a 6) ar OOO. WNO E 58) R O a w aa a a M M M E E O 1 BS a BYE OL 6. E e O KO 1G) DB 01 49: O16 8 8 OS 


wad al O BO O'S B'S OOS (Gees eae Se. ‘al a a e a r Bae OBS VS 6 a Ore hs “a by 4 SS) a RY Er TSP D ED O a 
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—a distinct innovation in the capacity unit field 


Seven Years of Superiority 
NOWN as the original HI-MU tubes — 


before the days of BCL; 


Preferred by amateurs and experts be- 
fore the first popular receiving set was sold; 

Progressively improved in construction 
and performance; 

Made in the newest and best equipped 
plant in America. oo 

Get the World on Your Dial 
With Myers Tubes 
Lowi hi lificati i 
seal e a Beetle aay ae 
—impedance, resistance or transformer coupled. 
cAr Your Dealer’s 
Myers Radio Tube Corporation 
Cleveland, Ohio 


Attractive, compact, correct 
inside and out, no clumsy 
materials, Made by pioneer 
designers and builders of 
Radio Tubes. 


OLUATAPLUIT 


Marvelous 
Clarity and 
Distance 
Use Myers Tubes 


in any set and get 
better results in vol- 
ume, tone, range 
and ease of control. 

Made with stand- 
ard four prong base, 
or double- end, in 
types Myers 01 A, 
Myers 01 X, My- 
ers 99, Myers 99 X. 


List Price 


THE New NATIONAL 
EQUICYCLE Condenser 


Patented Feb. 10, 1925 


The latest development in straight line frequenc 
cont ias applied to NATIONAL CONDENSE 

esign. 

Increases range of rotation from 180° to 270°. per- 
mitting more precise adjustment and sharper separa- 
tion of stations. And accomplishes this without 
gears, cams or levers. i 

It has the same electrical efficiency and mechanical 
ruggedness that have always characterized NA- 
TIONAL DX Condensers. Prices: 

Made in Two Sises With Dials Without Dials 
0005 $7.00 $5.00 


.00025 7.50 5.50 


Get the genuine. Insist upon NATIONALS. Your 
dealer apprectates your patronage and will gladly get 
them for you. Write for Bulletin 111 PR. 


NATIONAL COMPANY, INC. 


110 Brookline Street 


Complete 
with Raytheon tube, $45 


(instal -B 


a thoroughly dependable 
B power—designed to be 
trouble-proof and per- 
manent. 

See it andtry it—and 
remember it is 


Radio Built for 
the Years to Come 
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‘Tune inthe 


Lox 


AMPLIFICATION 


yoy will never know the meaning of full 
note reception until you have improved 
your radio set with Daven Amplification. 


It brings to you such perfect natural toned 


reception you feel as though you could reach | 


out and touch the artist. 


Simple to install—accurate in tone re- 
production — inexpensive — and above 
all, it insures you against the fear of 
your radio set becoming obsolete! 


Go to your Authorized Daven Service Dealer. 
He is competent to make the installation. 


OTHER DAVEN ACCESSORIES 


Amplifier Tubes Resisto-Couplers 

Power Tubes ers 

DRF Coils Resistors 

Amplifier Kits Ballast Resistors 
. Mountings 


Resistor Special: 


‘DAVEW BADIO cORPORUTLOY’ 


‘We Ane S Movit” 
Reg. U. S. Pat. Off. 
Newark New Jersey 


USE THIS FREE COUPON 


DAVEN RADIO CORPORATION 
153 Summit St., Newark, New Jersey 


Please send me the following on 
Resistance Coupled Amplification. 


Complete 


i sistor M= : S 
Check the Resistor ; lanu al Catalogue 
one you 25c. is enclosed i 
prefer. (free) 


4 eae 


FOR DEALERS: Send your letterhead or card, 
or this coupon and we will have our nearest dis- 
tributor communicate with you. 
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A BETTER @. 4 
LEAD-IN 


This picture will 


oO tell you why you 

: ap aretus any- 

in ut an 

R? Electrad Certified 
Lead-ln. 


Saves mafring your 
window or door frames. 

Fits under locked win- 

dows. Bends to any de- 

sired shape. Imitations do 

that too, but they stop there. 
Notice what else you obtain 

in this Electrad Lead-In Insu- 
lation, 10inches long, waterproof- 
ed and protected entire length. 
Riveted and soldered Fahnestock 


clips. 


Sold at all good radio stores and 

counters. Price 40c. Canada 60c. Ask 
for it by name. For safety’s sake re- 
fuse imitations. 


For Clearer, 
Purer. | 
Reception 


Do This 


Place an Electrad Audiohm across the secondary of 


your audio-transformer. en you will enjoy your 

io. Kills distortion, eliminates squeals and howls. 
Fits all audio transformers. Easy to attach. For sale 
at good radio stores and counters, $1.50. Canada $2.10 


Il | 


ELECTRAD), INC. 


428 Broadway, New York 


Makers of Certified Radio Essentials and Accessories: 
Grid Leaks, Fixed Condensers, By-Pass Condensers, 
Variohms, Reslstancesa, Rheostats and Potentiometers, 
Write for catalog. Jacks, Switches, ete. 
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We Have Succeeded! 


in constructing a variable air condenser using 


QUARTZ 


for insulation so that this finest of all 
condensers can now grace any man’s re- 
ceiving set. 

In the manufacture of Bureau of Stan- 
dard type of primary standard variable 
air condensers, we use quartz only for 
insulation. 

In our own laboratory we use variable 
condensers insulated with quartz only. 

The most accurate operating variable 
air condenser demands quartz for insula- 
tion. 

Fused silica quartz is the most expen- 
sive insulating material and it is the only 
insulating material in existence that is 
electrically permanent and of lowest 
dielectric loss. 

All obstacles to adopt fused silica 
p rec for insulation in commercial con- 

ensers have been conquered, and 


We Have Succeeded! 
Concentric Straight 


Line F requency 
Insulated with 
Quartz. Type 87 
—Maxinun 

Type! Capacity | Price 
mid. 

87N|  .00035| $9.00 

87D| .0005 | 10.00 


{nsulated with 
ex. Type 80 


Maximum 
Type} Capacity | Price 
mfd. 


80N| .00035 |$5.00 
soD! .6005 6.00 


At your 
dealers, other- 
wise send pur- 
chase price and 
you will be 
aS post- 


Rotor 


General Instrumem 
Manufacturers of Laboratory Equipment 


477 Broadway, New York City 


Don’t Let Your Tubes 


Deceive You! 


You Can Tell Good Tubes From Bad Only By This 
Scientific Test. SAVES TROUBLE HUNTING = 
INSURES BETTER RADIO. 


Remember one poor tube in your set may be the cause of many 
difficulties—loss of volume—fallure to get distant stations— 


and other troubles. In lessthan half a minute this little tester 
willshow you whether a tube is a good, fair or poor amplifier. 

It willsave you hours of trouble hunting. Is invaluabie tothe 
set owner who wants the best radio there is in the air. 


epl 


“HOME” 
TUBE TESTER 


THE STERLING MFG. CO. 


2831-53 Prospect Ave. 
Cleveland, Ohio. Dept. G. 


No. R401 


$8.50 


for testing large tubes 


No. R399 


$10.9% 


for testing small tubes 


Our Latest 100 Page 


RADIO CATALOG 


Just off the press—waiting for you. All 
the latest sets with special kits to build 
them. Parts and accessories by well- 
known manufacturers. Every fan needs 
this latest guide-book to the best in 
radio. Write for your FREE copy. 


Chicago Salvage Stock Store 


509 S. State Street, Chicago, U. S. A. 
Dept. PR6 
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WRS Is EARLIEST WITH 


THE LATEST! 


READY FOR F R E E New S-C 4 Tube Receiver 
IMMEDIATE DELIVERY Just off the Press- Our cise Erioa 
completely Mus Í 1 Sc costae Resistance, No ZE M.S. RO 2.00 
trated radio Value Book ntralab Resistance, No. 
| i Ow ER T Guide! Compi mpiied by 1 Polymet, or Micamold or Dubiiler.. 
ling values in sets, cab- peda condenser with grid leak à 
U R IT sorie, Wine for to- 1 Pormes, or Micamoid o or Dubilier ae 
n . 
Parts used In building the Laboratory 1 Polymet, or Micamold or Dubilier 
Modei of the Power Unit” ) m Epos eeir E R T E 
1 Amertran power trans former.typePy-5 -52 $18.00 1 Drilled and Engraved Front Panel... 4.60 
i near ps A. F 10.00 1 Drilled and Engraved Sub-panel. 2.60 
3 anior second erence 18.00 2 Silver Marshall No. 316, . 6 Con- A 
Dubilior tiite nde 2 A 
s oun: working voltage 400 vot s D.C.) 7.00 2 Siiver! Marshall No. "616 Collsockets. 2.00 
Sines inter wondancere AGT vons D.C 4.00 i si Marshall No. 110A Coll sea 
bi aaa Wea ns O.E.) t g a No. 114A Coil :60 
1 Ward. too vitrohm resis j 5:38 sou “u No. 510 Tube Sockets 2.00 
or $ = et ved gsc RA eae Hammerud 1 t e No. 340 Condenser 59 
1 l airen orc he EIE be 200 zoo | cog KO Lt Silver Marahaii No. 640 Mounting 
eee ` - Packets. ... 1... cee ee ees 
3 Benjamin: Sampe k Hekei tia. ore 1:80 : ? Tneedereon E ullonmers pee eed sess 18.00 
Bakone Binding PEA tip. aer -45 McLaughlin’s 1 Re oy Aal 6 {ber ohm: Rhecstats:): “60 
Angie porase E e reonant strips for 1 control 1 ii No. 2 Jaek.. 2022020) 60 
Angie brass for hoiding binding ‘post ae Superheterodyne 1 S No. 10 Switoh. . eener 
s - AEREE ENEE eed eee fie sonaia n o 
P M PAE eS Piste Suppl DA “6/32 R- H. Brass sorews (Round- 
Brass strip for ‘mounting fitter conden- a upply Raya, 
sers 38 Cockaday’s a 6/32 R. H. Brass screws (Round- 
Our new Catalog ‘contains full Infor- Tone_Clarifier 4-1°6/32F.H. rassi screws e (Elas Head) 
mation and discount sheet. 246/32 brass nuts. 
Be sure to get your free copy. Ulitradyne Factory Sealed Kit ........... NER ' $69.28 


and many others 
DEALERS! Xi AND D OTHE h INTERESTING INFORMATION. 


WHOLESALE RADIO SERVICE CO. 


Wholesale Distributors of RADIO APPARATUS 
6 Church Street Dept. PR 426 New York City 


Easy to Assemble 
This Cone Speaker 


~and Save $25 


No need to spend Why This Amazing Offer? 


| 3 ) Supply ss i Now sol There are four reasons why this offer is possible. 


First: Quantity production. Second: By buying 

sal eo os p sate direct you get factory prices. No middlemen’s 
com BA joe ünit profits. Third: Shipping the speaker dis-assembled 

saves expensive packing. Fourth: You assemble 


and assemble them in an 
hour or two and actually and save our labor costs. 


BS 


ANAN 


| save $25. Blue print and These are the reasons why we can offer you a 
directions make every- $35 loud speaker for only $10. 
thing clear. You, risk 
! nothing, for you can get - Send No Money 
your money back within ten days if not completely Simply send name and address and the complete 
satisfied. outfit will be sent you by return mail. 
You pay the postman only $10 in full pay- 
Natural Tone—18 Inches High Says F. N. Bou- | ment. If you aren’t absolutely delighted 


dreau of Cohoes, 


Stands 18 inches high, complete in: f N. Y., “It works —simply return the parts within 10 days 
every detail. The difference between this || fine. Iam going | and your money will be instantly refund- 


cone and horn speaker is the same as the to bule a speak. ed. You take no risk. Write NOW! 
difference between hearing a person talk f ers. Send me your 


naturally and hearing the same person f best prices on 10 Scientific Radio Laboratories 


shout through a megaphone. You can į Sore oud Speak- 254 West 34th Street, Dept. 34 
shut your eyes and believe it’s real. New York City 
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‘He didn't need new tubes! 


p pyemiapa 
Condensers 


(Solidly molded in impervious Bakelite) 


R several weeks his receiving set had been 
disappointing. Previously, it had been a 
constant delight, but now programs came in so 
weak his family had to use headsets — they 
couldn’t hear the loud-speaker clearly. Nothing 
but local stations. Friends said he needed new 
tubes, new batteries, new aerial, new this-and- 
that; all witha fine friendly disregard forthe cost. 


Then a real radio expert gave him good ad- 
vice. “Trouble may be in your fixed condensers. 
Moisture creeps in at exposed edges and changes 
their capacity. This upsets the electrical balance; 
there is resistance where there ought to be exact 
capacity, and your reception is spoiled, both in 
quality and volume. 


“Try Sangamo Mica Condensers. Their ac- 
curacy is guaranteed, and the solid, seamless 
bakelite jacket prevents the capacity from ever 
being affected by moisture, fumes, soldering 
heat, or any other cause of condenser troubles.” 


Putting in these accurate Sangamo Conden- 
sers increased volume, cleared up reception, 
brought in DX and saved a waste of money for 
new accessories. Such a little, inexpensive part 
—but tremendously important! Any real expert 
will tell you so. 


APPROVED BY ALL NATIONALLY 
RECOGNIZED RADIO LABORATORIES 


Sangamo By-pass Condensers are also 
accurate — and surges will not break 
them down. They last longer. 


SANGAMO 


dfecurate 
Radin Parts 


Sangamo Electric Company 
6332-2 Springfield, Illinois 


RADIO DIVISION, 50 Church Street, New York 


SALES OFFICES—PRINCIPAL CITIES 
For Canada — Sangamo Electric Co. of Canada, Ltd.. Toronto. 
For Europe— British Sangamo Co., Ponders End, "Middlesex, Eng. 
For Far Easte— Ashida Engineering Co., Osaka, Japan 


The Best in Radio Lguipmeni 


PROVED BY 
PERFORMANCE! 


AEBS COR 


AERO COILS 


a seasun—thousands more fans found the answer to 
ra pa radio satisfaction thru Aero Coils. 
ectivity! Distance! All theae—to a d 
ie yet even approached by any other inductances. nd 
simply use the Aero Coil is patented—both in prin- 
ciple and in construction. Any set—any circuit is greaily 
improved by substituting these wonder inductances for 
those you are now using. Ay pour dealers. 
Write for free Aero Booklet! 
CT-80 Thr 


(Vartable Prim 
Rad it Frequency - Reaeierative i 


a | 


TRF-110 


ees sme ewe ww as 


ee E S O O 


y ESA Coupler............. 
ariable Primary) 


AERO PRODUCTS, INC. 
1768-72 Wilson Ar oe Chicago 


BROADCAST LISTENERS 


The POPULAR RADIO ATLAS and LOG 

will give you a list of all the NEW Broad- 

casting Stations with wavelengths and 
other necessary information 


A Complete Atlas and Station Log 


The “PorpuLar Rapiro International Radio Atlas and Log” 
will supply you with full information regarding broadcasting 
stations of the United States and Canada. 

This most, useful and practical Atlas consists of 16 page. 
size 12x 15°, printed on good paper, from clear type in twv 
colors and contains a complete series of double age er a 
cluding—The World—The United States—Canada 
South America, showing location of principal espr i 
commercial and governmental radio stations. 


SPECIAL FREE OFFER 


You may havea copy of the “PoruLar Rapto Internationa! 
Badio Atlas and Log” free, with PopuLarR Rapio for (8) eight 
mon 


For Only $2.00 
Pin $2.00 in bills to the coupon below. 


If you are a subscriber to POPULAR RaDio your subscription wi! 
be extended eight months. : p 


POPULAR RADIO 
627 West 43d Street New York City 


Dake ae eae is ae 


| Poputar Rano, Dept. 42A | 
627 West 43d St., New York City. 


Enclosed is my remittance of $2.00 for which you are to enter my sub- 
scription (extend my subscription) for (8) eight months for Popular 
Raptio and send FREE a copy of the “Porutar Rapio International | 
Radio Atlas and Log.” 


IN DITO ici ice ace oe wea ea Weed sete Sus EA aes areca eye eia he ahs Ge ae eae ees | 
Address ........... 


City....... .. State... 
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Light and Power 
for Twenty Years 


No poustT you remember the 
first automobile you ever 
saw. Perhaps you'll remem- 
ber, too, that it bore a little 
tank marked *‘Prest-O-Lite” 
. . . for Prest-O-Lite gave 
the motor-car its first de- 
pendable eyes. 


And it is this same com- 
pany, which has served the 
automotive industry so suc- 
cessfully for more than 
twenty years, that today 
serves radio with a depend- 
able, long-lived battery, of 
special design, that brings 
out the best in any set. 


Prest-O-Lite Radio Bat- 
teries were designed in the 
world’s largest electro-chem- 
ical laboratories. You can rest 
assured that Prest-O-Lite 
Batteries are correctly rated 
and deliver full power at all 
times. 

Prest-O-Lite Batteries are 
attractively priced from $4.75 
up. Dealers everywhere. 


THE PREST-O-LITE CO., Inc. 
INDIANAPOLIS, IND. 
New York San Francisco 


In Canada: Prest-O-Lite Company of 
Canada, Ltd., Toronto, Ontario 


Send For This Free Booklet 


“What every owner of a radio 
should know about storage batteries.” 
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Designed. especially for radio 


Srest-O Lite 


STORAGE BATTERIES FOR 
MOTOR-CARS AND RADIO 
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The Bradleyohm is used as 
standard equipment in the 
Acme B-Power Supply and 
most other B-Battery elim- 
inators provided with volt- 
age control. Silent voltage 
control is thereby assured. 


ae | ee 


adley 
Sold in Checkered Cartons 


ow to Get Extra Voltage Taps 


from Your B-Eliminator 
Mo radio receivers are provided with several 


B-Battery terminals for detector, amplifier 
and radio frequency tubes. To provide the extra 
voltage taps from B-battery eliminators, such as the 
Acme B-Power Supply unit, is a simple matter. The 
diagram below shows the method of connecting 
the necessary Bradleyohms and condensers. 


A Bradleyohm No.'10 for the 67-volt connection 
and a Bradleyohm No. 5 for the 90-volt connection 
provide marvelously smooth control over a wide 
range for these terminals. The condensers may be 
larger if desired, especially when used with audio- 
frequency taps. The standard Bradleyohm in the + 
eliminator gives sufficient range for thedetector plate 
voltage. Your dealer can sup- 
ply you with Bradleyohms 
and condensers. Try thesecon- 
nections tonight and improve 
your receiving set, 


Mail the Coupon 
for Literature 
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Cardwell 


Old Friends 
Whith New Faces 


are far more dependable than 
strangers. 


The logical plate shape of a rotary 
variable ‘condenser is semicircular, and to 
use them to best advantage, they should 


(P k oas 
b . AO - 
AN OL not be cut away to any extent, 
f” s ay J 
om a 
L Ng ; 
Mts i rf E TE aA, 
Q sd Cardwell Taper Plate Type “E” condensers 
e, y have the old familiar plate shape, but have 
fG a straight frequency tuning characteristic. 
u p A iyore - 
The Type “C” approaches straight 
The Taper Plate frequency at minimum but gives more 
| Tvpe “E” separation at maximum. 
with straight frequency The Type “C” has a 


tuning characteristics They are priced the same—the .0005 mfd. 


Capacity lists at $5.00, and others, pro- 
portionately. 


Che Allen B. Cardwell Mfg. Corp. 
81 PROSPECT STREET 
BROOKLYN, N. Y. 


If your dealer can't supply you, order 
direct. Write for illustrated catalogue 


modified straight wabe 
length tuning curbe 
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Condenser s 


THE STANDARD OF COMPARISON 


PRESS OF WILLIAM GREEN, NEW YORK 
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The World’s Greatest 
Radio Receiving Set 


Freshman’s latest sensation has a real 
appeal to the women of the home. It 
is built of five-ply genuine mahogany; 
a handsome piece of furniture that fits 
in any corner of the room. It is com- 
pact and comparatively small, giving it 
preference over clumsy consoles. Con- 
tains an especially large tone chamber, 


With Built-in Loud Speaker of 
Great Volume and Superb Tone 


When not used as a radio, it can be 
entirely closed. The top is stationary 
and provides an attractive resting place 
for vases and other ornaments. Spacious 
compartments afford ample room for 
all batteries, ete-—not a single wire 
being visible. 


The Radio Receiver Women 
Have Been Waiting For 


Sold on Convenient Terms by Authorized Fresh- 
man Dealers, who also Install and Service Them. 


Chas. Freshman Co, Inc. eet ai on pivd eet 
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